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1. INTRODUCTION 
The m a t e r i a l  p resented  i n  t h i s  F ina l  r epor t  i s  concerned wi th  the  work 
performed on An Addit ional  Study and Implementation of Tone Ca l ib ra t ed  Tech- 
nique of Modulation f o r  the  J e t  Propuls ion Laboratory,  con t r ac t  number 957190. 
E a r l i e r  s t u d i e s  [1#2431 have shown t h a t  p i lo t -a ided  coherent  modulation 
techniques,  of which the  Tone Cal ibra ted  Technique (TCT) i s  an example, can be 
used t o  a l l e v i a t e  t he  e f f e c t s  of mul t ipa th  fading i n  Land Mobile Radio (LMR) 
communication l i nks .  It appears ,  a t  the  moment, t h a t  t he re  a r e  no commercial 
p i lo t -a ided  LMR l i n k s  i n  opera t ion .  Conventional LMR l i n k s  predominantly use 
non-coherent d e t e c t i o n  methods a t  the  r ece ive r  t o  allow rap id  b u r s t  s igna l  
acqu i s i t i on .  This  a l s o  has the  advantage of f a s t  re -acquis i t ion  of t h e  the  
t ransmi t  s igna l  when mul t ipa th  fading i s  encountered. However, non-coherent 
d e t e c t i o n  gene ra l ly  has a poorer  b i t  e r r o r  r a t e  (BER) performance than 
coherent  and d i f f e r e n t i a l l y  coherent d e t e c t i o n  schemes. 
Coherent d e t e c t i o n  schemes which regenera te  a phase re ference  d i r e c t l y  
from the  received s i g n a l ,  a r e  t y p i c a l l y  not  used on LMR l i n k s  due t o  the  com- 
p l e x i t y  involved i n  conf igur ing  them t o  t r a c k  fad ing  s i g n a l s .  As an a l t e rna -  
t i v e ,  p i lo t -a ided  techniques have much t o  o f f e r  due t o  the  presence of a 
t r ansmi t t ed  re ference .  They a r e  the  subjec t  of t h i s  r epor t .  The d i f f e ren -  
t i a l l y  coherent  r ece ive r  enjoys a BER performance which, f o r  a d d i t i v e  white  
ganss ian  channels.  l i e s  somewhere between t h a t  of t h e  coherent and non- 
coherent d e t e c t i o n  schemes. In t he  presence of mul t ipa th  fading,  t h i s  
r ece ive r  d i s p l a y s  an i r r e d u c i b l e  e r r o r  d e t e c t i o n  f l o o r ,  j u s t  a s  t h e  i n  the  
case of t he  non-coherent de t ec to r .  
The TCT communication method has been shown [41 t o  be t h e o r e t i c a l l y  f r e e  
from an e r r o r  f l o o r r  and i s  only l imi ted ,  i n  p r a c t i c e ,  by implementation con- 
s t r a i n t s .  Sec t ion  2 of t h i s  r epor t  in t roduces  the  concept of t he  TCT 
t ransmiss ion  scheme along with a baseband implementation of a s u i t a b l e  demodu- 
l a t o r .  Two techniques f o r  the  genera t ion  of t h e  TCT s igna l  a r e  considered:  a 
Manchester source encoding scheme (MTCT) and a subca r r i e r  based technique 
(STCT) . 
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Sect ion  3 summarizes the  r e s u l t s  of t he  TCT l i n k  computer s imula t ion  
which was p rev ious ly  descr ibed  i n  d e t a i l  i n  t h e  F i r s t  In t e r im  Beport[51. Sec- 
t i o n  4 addresses  t h e  hardware implementation of t he  WTCT system and o u t l i n e s  
t h e  d i g i t a l  s igna l  processing design cons ide ra t ions  involved i n  s a t i s f y i n g  t h e  
modulator/demodnlator requirements.  
Sec t ion  5 presen t s  a d i scuss ion  on the  program f ind ings  and sugges ts  
f u t u r e  d i r e c t i o n s  based on conclusions made regarding t h e  s u i t a b i l i t y  of t he  
TCT system f o r  t he  t ransmiss ion  channel p re sen t ly  under cons idera t ion .  
2. TCT DATA TRANSMISSION SYSTEM 
The Tone Ca l ib ra t ed  Technique has been explored i n  a r e l a t e d  program [ l l ,  
sponsored by JPL, and d iscussed  i n  the  open l i t e r a t u r e  [2 l .  The underlying 
concept i s  the  use of a p i l o t ,  or  tone,  t o  synchronously remove channel per- 
t u rba t ions  from t h e  da t a  bear ing sidebands and, s imultaneously,  perform 
coherent  d a t a  de t ec t ion .  This  r equ i r e s  t h a t  the  p i l o t  be s i t u a t e d  a t  a s u i t -  
ab l e  l o c a t i o n  i n  t h e  t ransmi t  frequency band; t he  channel d i s t o r t i o n s  should 
be d i s t r i b u t e d  symmetrically around t h i s  l o c a t i o n  and t h e r e  should be no data  
sideband energy p resen t .  It a l s o  assumes t h a t  t h e  t ransmi t  l i n k  is l i n e a r  t o  
avoid cap tu re  of t h e  p i l o t  due t o  ha rd l imi t ing  e f f e c t s .  
The TCT system p o s i t i o n s  the  p i l o t  a t  the  midpoint of t h e  t ransmi t  band. 
P r i o r  t o  c a r r i e r  modulation, t he  da t a  modulated s igna l  has  been removed from 
t h i s  l o c a t i o n  by the  c r e a t i o n  of a s p e c t r a l  n u l l  a t  zero frequency. The da ta  
modulation scheme employed i s  M-ary Phase S h i f t  Keying (PSK); t h i s  requirement 
is imposed by channel bandwidth c o n s t r a i n t s  and i s  not  a l i m i t a t i o n  of t h e  TCT 
method, which i s  compatible with many o the r  types of modulation schemes. For 
t h e  given s i g n a l l i n g  requirements,  the  t ransmiss ion  of da ta  a t  a r a t e  of 2.4 
kbps i n  a 3.6 LBz RF bandwidth, us ing  quadriphase PSK (QPSK) modulation o f f e r s  
t h e  minimum poss ib l e  PSK s i g n a l l i n g  s e t .  
The previous  TCT program 111 was concerned wi th  t h e  proof-of-concept 
phase and was p r i n c i p a l l y  a harware implementation s tudy.  Of major i n t e r e s t  
was the  r e a l i z a t i o n  of t h e  TCT demodulator and i t s  performance i n  t h e  presence 
2 
of a d d i t i v e  white  gaussian noise  (AWGN) and hardware simulated mul t ipa th  fad- 
ing. An IF TCT demodulator was designed and s tudied.  Resu l t s  der ived  from 
the  experimental  set-up ind ica t ed  t h a t  the  pi lot-aided demodulation could 
remove the  e r r o r  f l o o r  normally assoc ia ted  wi th  non-coherent and s t r i c t l y  
coherent  r ece ive r s ,  t h e  l a t t e r  case holding t r u e  when condi t ioned on t he  f a c t  
t h a t  no at tempt  has been made t o  compensate f o r  fading e f f e c t s .  This  r e s u l t  
was subsequent ly  supportCd by t h e o r e t i c a l  ana lyses  [41.  The TCT system b i t  
e r r o r  r a t e  performance appears t o  be acceptab le  given the  power pena l ty  of 
inc luding  t h e  p i l o t .  This  encouraging r e s u l t  was somewhat overshadowed by the  
doubling of t h e  t ransmi t  bandwidth over t h a t  a c t u a l l y  requi red  by o the r  modu- 
l a t i o n  schemes, This  i s  due t o  the  Manchester source encoding which was 
employed t o  genera te  the  s p e c t r a l  n u l l  around ze ro  frequency. 
Although t h e  bandwidth c o n s t r a i n t s  can be mi t iga t ed  by using h igher  order  
PSK s i g n a l l i n g  s e t s ,  i t  i s  reasonable  t o  assume t h a t  t h e i r  use would cause the  
l i n k  b i t  e r r o r  r a t e  performance t o  degrade s i g n i f i c a n t l y  due t o  the  reduced 
dec i s ion  space and s e n s i t i v i t y  t o  the  recovered p i l o t .  
This  r e p o r t  i s  concerned with two major a reas  of t he  TCT system, ( a )  t h e  
genera t ion  of t h e  pre-modulation s p e c t r a l  n u l l  i n  the  t r a n s m i t t e r  and ( b )  t h e  
use of baseband processing techniques t o  implement the  demodulator. The use  
of d i g i t a l  s i g n a l  processing elements t o  implement both the  modulator and 
demodulator was considered t o  be a key element and, consequently,  i s  a t op ic  
of detailed discnssion in the report. 
Two schemes were i n i t i a l l y  inves t iga t ed  f o r  t he  genera t ion  of t he  TCT 
s i g n a l l i n g  format and a r e  descr ibed i n  t h e  remainder of t h i s  s ec t ion .  The 
f i r s t  t o  be considered i s  based on a Manchester encoding scheme t o  genera te  
the  s p e c t r a l  n u l l  a t  t he  t r ansmi t t e r ;  t h i s  was the  method i n v e s t i g a t e d  i n  t h e  
previous study. The o t h e r  method considered c e n t e r s  on t he  use of s u b c a r r i e r  
modulation techniques f o r  s p e c t r a l  n u l l  generat ion.  It  was decided during t h e  
course of t h e  program, p r imar i ly  due t o  time c o n s t r a i n t s ,  t o  pursue only the  
Manchester TCT system t o  f u l l  hardware implementation. 
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2.1 Manchester Encoded TCT 
2.1.1 Modulator 
Manchester source encoding a c t s  upon the  input  d i g i t a l  da t a  i n  such a way 
as t o  r e d i s t r i b u t e  the  da t a  energy away from ze ro  frequency. The r e s u l t i n g  
power spectrum is  given by: 
2 2 M(f) = s i n  ( x l s i n c  (XI) (2.1) 
where 
x = nfTs/2 
Eqn. (2.1) c l e a r l y  shows t h a t  a n u l l  i s  c rea t ed  a t  ze ro  frequency and t h a t  the  
main s p e c t r a l  lobe has  almost doubled i n  width. To meet the s ingle-s ided RF 
occupancy requirements,  which c a l l  f o r  the t ransmi t  s igna l  t o  be a t t enua ted  by 
40dBC a t  1.8 kEz removed from the cen te r  of the  band, some form of s p e c t r a l  
shaping must be used. The shaping employed i s  the  raised-cosine pulse  in t h e  
frequency domain wi th  a maximum excess  bandwidth f r a c t i o n ,  f3, of 0 . 5 .  The 
shaping i s  implemented as a time domain func t ion  and can be expressed a s  f o l -  
lows : 
sin(nt/T,,) cos(rf3t/Tb) 
- - <  t <= n t / T  b (1-(2f3t/Tb) 2 1 p ( t )  = (2.2) 
where Tb i s  the  b i t  r a t e ,  2.4 kbps. 
given by eqn.(2.3). 
The corresponding frequency spectrum i s  
(2.3 1 
% [ 1-s i n  (nTb ( f-1 / 2Tb 1 /f3 11 ; ( 1-f3 1 (1+f3) - <  f (- 
2Tb 
- I 1 2Tb 
4 
As previous ly  mentioned, the  modulation scheme employed i s  QPSK, so t h e  input  1 
I da ta  i s  s p l i t  i n t o  even and odd streams, where the  Manchester encoding and 
pulse-shaping w i l l  be performed independently of each o ther .  F igure  2.1 
i l l u s t r a t e s  the  complete Manchester system pre-modulation da ta  processing.  
I 
Included i n  both  processing pa ths  of F igure  2.1 a r e  h ighpars  f i l t e r s  t o  
en large  the  necessary s p e c t r a l  n u l l .  It has  been determined [11 t h a t  Manches- 
t e r  encoding by i t s e l f  does not c r e a t e  a s u f f i c i e n t l y  wide s p e c t r a l  n u l l .  
There i s  simply too  much r e s idua l  da t a  energy which w i l l  over lap  the  p i l o t  
recovery passband a t  the  r ece ive r  and r e s u l t  i n  t he  degrada t ion  of the  TCT 
c a l i b r a t i o n  process  i n  the  demodulator. Moreover, t he  pulse-shaping employed 
has  a cons tan t  amplitude frequency response i n  the  v i c i n i t y  of d.c. ( s ee  2.31, 
hence the  need f o r  a d d i t i o n a l  s p e c t r a l  shaping through the  use of the  highpass  
f i l t e r s .  
The pre-modulation processing i s  implemented d i g i t a l l y ,  t h i s  a l lows f o r  
t he  use of l i n e a r  phase, f i n i t e  impulse response highpass  f i l t e r s .  I n  t h i s  
way, an at tempt  i s  made t o  minimize the e f f e c t s  of intersymbol in t e r f e rence  
(IS11 a r i s i n g  from the removal of the low frequency da ta  energy. 
The output  of t he  highpass  f i l t e r s  c o n s t i t u t e  the  inphase ( I )  and quadra- 
t u r e  ( Q )  components of the  QPSK modulation. It i s  des i r ed  t o  use I and Q pa th  
s tagger ing  t o  genera te  o f f s e t  QPSK (OQPSK) a s  t h i s  reduces t r ansmi t  envelope 
amplitude v a r i a t i o n s .  The Q path,  S q ( t ) ,  i s  t h e r e f o r e  delayed Tb/2 seconds 
r e l a t i v e  t o  the I path ,  S i ( t ) .  The exact  d e s c r i p t i o n  of S i ( t )  and S q ( t )  i s  
delayed u n t i l  s e c t i o n  4.2 where they a r e  descr ibed  i n  r e l a t i o n  t o  the  hardware 
implementation. S igna l s  S i ( t )  and S q ( t )  a r e  converted t o  analog waveforms, 
then passed through lowpass r econs t ruc t ion  f i l t e r s  t o  genera te  s i g n a l s  S i ' ( t )  
and S q ' ( t ) .  
lows, 
These a r e  then used t o  modulate a quadra ture  c a r r i e r  p a i r  a s  f o l -  
(2.4) 





The demodulator configuration of the previous TCT study was an IF 
arrangement which employed analog techniques. This study is considered to be 
the next stage in the TCT demodulator development since it employs digital 
baseband I/Q signal processing. The baseband approach is particularly attrac- 
tive because its low data rate makes possible the extensive use of various DSP 
techniques. Many signal processing chips are commercially available, and 
could be utilized in this low data rate environment. This should reduce the 
complexity of TCT transceiver hardware as well as result in an implementation 
that is well suited to custom IC fabrication. 
The demodulator configuration investigated was derived from that sug- 
gested by Davarian [2l. Figure 2.2 illustrates the digital Manchester based 
TCT demodulator. 
The received signal at the demodulator consists of the pilot tone and 
OQPSK data signal, corrupted by multipath fading, along with a thermal noise 
component. This signal can be expressed as follows, 
r(t) = aX cos(wOt + Yt) t (2.5) 
+ A/\IT Sq(t)Xtsin(wot + yt) 
+ Ni(t)cos(wot) + Nq(t)sin(wot) 
The first term of eqn.(2.5) represents the the pilot termr the second and 
third terms correspond to the OQPSK signal, while the remaining terms are 
attributed to the thermal noise. 
describe the amplitude and phase variations used to model the multipath fading 
effects 121. 







The rece ived  s i g n a l  i s  f i r s t  passed through a bandpass f i l t e r  and t h e  AGC 
I ampl i f i e r  before  i t  i s  t r a n s l a t e d  t o  baseband, where the  ma jo r i ty  of the  pro- 
cess ing  w i l l  take p lace .  The bandpass f i l t e r  i s  used t o  reduce the  composite 
input  s i g n a l  s t r e n g t h  and excess  noise  bandwidth. The t r a n s l a t i o n  t o  
baseband i s  performed by mixing the  rece ived  s i g n a l  with quadra ture  s inusoids  
ope ra t ing  a t  the  IF frequency. In t h i s  way the  inphase (I) and quadra ture  (Q) 
s i g n a l s  necessary  f o r  baseband processing a r e  generated.  
The I and Q components of the  rece ived  p i l o t  a r e  recovered by passing the  
two st reams through a f i l t e r  which has a passband equiva len t  t o  the  fad ing  
bandwidth [ l l .  In p a r a l l e l  with t h i s  opera t ion ,  the  I and Q s i g n a l s  a r e  a l s o  
f ed  t o  a de lay  b u f f e r  which compensates f o r  the o v e r a l l  p i l o t  processing time. 
The delayed s i g n a l s  w i l l  even tua l ly  be u t i l i z e d  i n  conjunct ion wi th  the  
appropr i a t e ly  processed p i l o t  I and Q s i g n a l s ,  t o  ob ta in  an e s t ima te  of the  
t r ansmi t t ed  da ta .  
The rece ived  s i g n a l  i s  corrupted by channel pe r tu rba t ions  and f o r  the 
l i n k  considered,  these  Pe r tu rba t ions  a r e  induced by a d d i t i v e  white  gaussian 
noise  and mul t ipa th  fading.  Hence, the recovered p i l o t  s igna l  w i l l  have 
impressed upon i t  amplitude and phase r e l a t e d  information about the  fading.  
The t a s k  of the  p i l o t  processing s e c t i o n  i s  t o  e x t r a c t  t h i s  information from 
the  recovered p i l o t  p r i o r  t o  da t a  de t ec t ion .  A l i n e a r  TCT p i l o t  processor  
t h a t  was considered p rev ious ly  produces an output  wi th  an amplitude component 
which i s  the  r e c i p r o c a l  of the  input  p i l o t  amplitude. This  method necess i -  
t a t e s  a squaring and d i v i s i o n  operat ion.  The processing scheme employed he re  
uses  I/Q hard l imi t ing  i n  a s i m i l a r  f a sh ion  t o  t h a t  proposed e a r l i e r  by 
Davarian161. Th i s  has  two advantages:  i t  removes the  fad ing  amplitude com- 
ponent from the recovered p i l o t  and i t  s i m p l i f i e s  t he  a r i t h m e t i c  process ing  
requirements.  
Q /I , r e c a l l  (2.51, 
The I/Q hard l imi t ing  i s  performed by taking the  a rc tangent  of 
P P  
-1 p x t c o s ( n t  + eo - y t ) l  
' t )J  
f = t a n  = (n t  + eo - y t )  aX s i n ( Q t  + eo - L t  (2.6) 
where eo and Qt a r e  r e s i d u a l  system phase and frequency o f f s e t s .  It can be 
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seen t h a t  the  amplitude fading has  been removed and t h a t  the  output  of the  
I arc tangent  func t ion  i s  an e s t ima te  of the  phase p e r t u r b a t i o n  process.  This  
ou tput  i s  then  passed on t o  the  d e t e c t i o n  algorithm. Since da t a  d e t e c t i o n  i s  
a phase comparison process  the  p i l o t  amplitude i s  not  s t r i c t l y  required.  The 
long term da ta  sideband amplitude v a r i a t i o n s  can be handled us ing  an AGC loop 
wi th  a con t ro l  s i g n a l  a s  given below. F a s t e r  v a r i a t i o n s  can be addressed by 
maintaining a s u f f i c i e n t  processing signal-to-noise r a t i o  t o  meet t he  system 
performance requirements  a t  low absolu te  input  l e v e l s ,  however, t h i s  i s  prob- 
ab ly  only r e a l i s t i c  f o r  Rician fad ing  channels.  
The d e t e c t i o n  s e c t i o n  of the  demodulator performs the  simultaneous opera- 
t i o n s  of da t a  recovery and the  removal of channel phase pe r tu rba t ions .  The 
ouput of t he  a rc tangent  func t ion  i s  converted t o  s i n e  and cos ine  terms which 
a c t  a s  coherent phase 
fol lows,  
os ZI = I# + 
IDS za = QDC - 
re ferences .  The d e t e c t i o n  algori thm can be expressed a s  
wher e 
and f i s  a s  g iven  i n  2.6. ID and QD a r e  the  outputs  of t he  de lay  b u f f e r s  
from which the  inphase and quadra ture  components of the  recovered p i l o t ,  I 
and Q 
of t h e  adders  immediately following the  de lay  bu f fe r s .  
then  passed on t o  integrate-and-dump f i l t e r s  t o  produce e s t ima tes  of t he  
t r ansmi t t ed  data .  
P 
have been removed, see F igure  2.2. This  i s  accomplished by the  a c t i o n  
S igna l s  ZI and Z a r e  
PI 
Q 
An AGC c o n t r o l  s i g n a l  can be der ived  by tak ing  advantage of the p i l o t  and 
da ta  d e t e c t i o n  processors .  For example, the amplitude v a r i a t i o n s  on t he  
inphase p i l o t  component can be obtained a s  follows. 
10 
E = I / c o s ( f )  
P 
(2.8) 
E can then  be compared t o  a nominal value and s u i t a b l y  lowpass f i l t e r e d  t o  
genera te  a con t ro l  s i g n a l  which w i l l  be used t o  s e t  t he  ga in  of the  IF  AGC 
amp1 i f  i e r .  
2.2 Subca r r i e r  TCT 
The s u b c a r r i e r  ve r s ion  of the  TCT (STCT) modem is, i n  f a c t ,  very s i m i l a r  
t o  the  prev ious ly  descr ibed  Manchester modem. The main d i f f e r e n c e  between the  
two i s  the  manner i n  which the  s p e c t r a l  n u l l  a t  d.c., which i s  necessary  f o r  
t he  proper t ransmiss ion  of the  p i l o t  tone,  i s  created.  The MTCT ver s ion  
r e l i e s  upon Manchester coding followed by highpass f i l t e r i n g  of t he  shaped 
d a t a  t o  remove unwanted sideband energy around ze ro  frequency. 
method, on t he  o the r  hand. modulates t he  shaped da ta  onto a very  low frequency 
s u b c a r r i e r  t o  r e d i s t r i b u t e  i t s  da ta  sideband energy away from d.c. The 
r e s u l t i n g  frequency spec t r a  of the  two methods a r e  s imi l a r .  as would be 
expected, however, sof tware s imula t ions  i n d i c a t e  t h a t  the  s u b c a r r i e r  method 
does provide some advantages,  and, hence, warrants  a t t e n t i o n .  
The STCT 
2.2.1 Modulator 
Two advantages of the  subca r r i e r  method a r e  immediately obvious. For 
one, the  modulation al lows the  a r b i t r a r y  l o c a t i o n  of the  da t a  sidebands in a 
symmetric p o s i t i o n  around d.c. Also. the  pulse  shaping can  then  be used t o  
con t ro l  the  low and high-side r a l l - o f f  of these sidebands,  which cannot be 
done i n  the  case  of the  Manchester encoded data .  
The implementation of t h i s  STCT modulator i s  q u i t e  simple,  see F igure  
2.3. The da ta  b i t s  a r e  s p l i t  i n t o  even and odd streams, b i p o l a r  encoded, then  
pulse-shaped us ing  t h e  same raised-cosine f i l t e r i n g  employed i n  the  MTCT modu- 
l a t o r .  In t h i s  case ,  however, the  excess  bandwidth f r a c t i o n  must be reduced 
t o  0.4. The shaped da ta  streams then modulate a quadra ture  s u b c a r r i e r  s igna l  
p a i r  opera t ing  a t  a frequency of 960 Hz. This  frequency i s  a submult iple  of 


















t he  s ine  and cosine gene ra to r s  a r e  e f f e c t i v e l y  synchronized t o  t h i s  da ta  
clock. 
It w i l l  be shorn i n  s e c t i o n  3.2.1 t h a t  t h i s  method of frequency r e d i s t r i -  
bu t ion  does i n  f a c t  produce the des i r ed  n u l l  a t  d.c. without t he  need f o r  dual 
highpass f i l t e r s  and the  a t t endan t  pena l ty  of added da ta  ISI.  
2.2.2 Demodulator 
The demodulator f o r  t he  subca r r i e r  vers ion  of Tclr, i l l u s t r a t e d  i n  F igure  
2.4, resembles i t s  MTCT counterpar t .  The d i f f e rence  he re  i s  the  added remo- 
d u l a t i o n  and s u b c a r r i e r  phase e s t ima t ion  func t ions .  Fading compensation and 
sychronous d e t e c t i o n  a r e  performed a t  the  subca r r i e r  frequency; hence the  need 
f o r  the  remodulation func t ion  which modulates t he  recovered p i l o t  phase onto 
l o c a l l y  generated s i n e  and cosine subca r r i e r  phase re ferences .  These l o c a l  
r e fe rences  a r e  produced by phase-locking a l o c a l  source t o  the  incoming 
suppressed subca r r i e r .  It should be noted t h a t  t he  a c t i o n  of t he  p i l o t  i n  t h e  
synchronous d e t e c t o r  i s  t o  remove any r e s i d u a l  frequency and phase o f f s e t s ,  
thus the  s u b c a r r i e r  recovery c i r c u i t s ,  i n  theory,  only have t o  a l i g n  the  phase 
of the  l o c a l  re ference  t o  the t ransmi t ted  one. 
This  synchroniza t ion  i s  performed by a f i r s t  o rder  phase-locked loop. 
The ou tpu t s  of the  f i n a l  da t a  f i l t e r s  serve a s  a source of the  r ece ive  phase 
s t a t e s .  The r ece ive  phase s t a t e s  a r e  compared t o  the  known nominal r ece ive  
da t a  phase s t a t e s .  The angular  d i f f e r e n c e  between these  two q u a n t i t i e s  
becomes the  e r r o r  s igna l .  The phase-locked loop output  i s  an e s t ima te  of t he  
phase d i f f e r e n c e  between the  l o c a l  and the  rece ived  s u b c a r r i e r ,  t h i s  i s  added 
t o  the  recovered p i l o t  phase angle p r i o r  t o  the  remodulation process .  
3. TCT SYSTEM COMPUTER SIMULATION 
The i n i t i a l  i n v e s t i g a t i o n  of the baseband Tone Ca l ib ra t ed  Technique 
r equ i r ed  the  development of a software s imulat ion.  A s imula t ion  was generated 
which omit ted the  modelling of any channel pe r tu rba t ions  so t h a t  the modem 




Subsequent development cont inued t o  focus on t he  s igna l  processing s t r u c -  
t u r e s  of the  modem. By concent ra t ing  on emulating t h e  elements of the  r ea l -  
time implementation, the  s imula t ion  e f f e c t i v e l y  became a va luable  design too l .  
The s t r u c t u r e  of t he  f i n a l  design could be f u l l y  developed before  committing 
i t  t o  hardware, a l lowing f o r  a r e l a t i v e l y  smooth implementation. The inclu-  
s ion  of mul t ipa th  fad ing  and thermal noise  t o  the  s imula t ion  was no t  viewed a s  
c r i t i c a l ,  s ince  the  impact of these  e f f e c t s  would be examined i n  the  real-t ime 
sy s tem . 
The s imula t ions  were w r i t t e n  i n  FORTRAN and i n t e r f a c e d  t o  the  I n t e r a c t i v e  
Laboratory System (ILS) d i g i t a l  s igna l  processing sof tware package f o r  pur- 
poses  of g raph ica l  p r e s e n t a t i o n  and ana lys i s .  In add i t ion ,  ILS was employed 
i n  designing a l l  the  requi red  d i g i t a l  f i l t e r s .  Linear  phase f i l t e r s  were used 
throughout t o  minimize phase d i s t o r t i o n  and the  design a lgor i thm employed was 
t h e  Bemez Exchange Algorithm which produces e q u i r i p p l e  i n  both the passband 
and stopband. 
b i t  sequence and t h e  recovered eye q u a l i t y  was used a s  an i n d i c a t i o n  of system 
performance. ILS i s  commercially a v a i l a b l e  through Signal  Technology, Inc. 
A da t a  eye p a t t e r n  was generated from a 21° - 1 pseudo-random 
Appendix I con ta ins  a program l i s t i n g  of the  MTCT modem s imula t ion  
descr ibed  i n  t h e  next s ec t ion .  
3.1 Manchester Encoded TCT 
3.1.1 Modulator 
The Manchester encoded TCT modulator was f i r s t  s imulated a s  shown i n  Fig- 
u r e  2.1, except without  t he  highpass  f i l t e r s .  Since no channel modelling was 
performed, the  da t a  was QPSK modulated t o  12 kHz, the  r ece ive r  f i n a l  IF  f r e -  
quency. The da ta  a t  I F  was represented  a s  a 48 kFIz sampled s i g n a l ,  c o n s i s t e n t  
w i th  the  demodulator I F  sampling frequency. 
I n  order  t o  meet t he  s p e c i f i e d  bandwidth requirements,  frequency domain 
raised-cosine pulse-shaping was employed wi th  a Nyquist excess  f r a c t i o n ,  B, of 
0.5 a t  a da t a  r a t e  of 2.4 kbps. F igures  3 . l ( a )  and 3 . l ( b )  show r e s p e c t i v e l y  
the  baseband d a t a  eye and the  da t a  eye spectrum. The pulse  shape extends over 
15 
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FIGURE 3 . l ( b )  FREQUENCY SPECTRLPI OF FIGURE 3 . l ( a )  
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e i g h t  Manchester b i t  t i m e  per iods  and provides  s u f f i c i e n t  s p e c t r a l  occupancy 
c h a r a c t e r i s t i c s ,  i.e. over 40 dB of a t t e n u a t i o n  a t  1.8 LBz from the cen te r  
frequency, while  genera t ing  an eye p a t t e r n  with p o i n t s  of no ISI. 
I 
Although the  pu l se  shaping i s  more than adequate i n  f u l f i l l i n g  bandwidth 
c o n s t r a i n t s ,  the  gene ra t ion  of a ze ro  frequency n u l l  i s  poor ly  implemented 
wi th  Manchester encoding alone. A n u l l  width of 100 Hz i s  d e s i r e d  f o r  t he  
i n s e r t i o n  of a c a r r i e r  t o  t r a c k  mul t ipa th  fading c h a r a c t e r i s t i c s .  I f  a 
highpass  f i l t e r  i s  employed, a s i g n i f i c a n t  n u l l  can be c rea t ed ,  see F igure  
3.2(b) ;  however, F igure  3.2(a)  shows the  d i s t o r t i o n  introduced by f i l t e r i n g  
out  low frequency components from the  data .  
A 91 t a p  highpass  f i l t e r  i s  used i n i t i a l l y  a s  a con t ro l  t o  e s t a b l i s h  a 
frequency response wi th  a very sharp  cut-off and no passband r i p p l e .  The 91 
t a p  f i l t e r  has  a 3 dB po in t  a t  150 Hz and func t ions  a t  t he  baseband process ing  
r a t e  of 9.6 kHz. The degrada t ion  due t o  t h i s  f i l t e r  i s  approximately 16% as  
measured by comparing t h e  s i z e  of the eye c losu re  t o  the  nominal opening. A 
45 t a p  highpass  f i l t e r  design i s  a l s o  examined, s ince  the  longer  l eng th  f i l t e r  
cannot be implemented i n  the  proposed processor  f o r  the real- t ime system. The 
frequency response of t h i s  f i l t e r  has a h a l f  dB r i p p l e  i n  the  passband, a 3 dB 
po in t  a t  150 Bz and l e s s  a t t e n u a t i o n  i n  the  stopband. F igures  3.3(a) and 
3.3(b) show the  da t a  eye p a t t e r n  and the  da t a  frequency spectrum. Both 
diagrams appear q u i t e  c lose  t o  the  91 t a p  con t ro l  f i l t e r  s imula t ion  r e s u l t s ,  
wi th  the  45 t a p  f i l t e r  eye p a t t e r n  showing s l i g h t l y  more ISI .  
The f i n a l  s t e p  i n  the  modulator s imula t ion  involved genera t ing  a 48 kHz 
sampled s i g n a l  from the  9.6 kHz baseband process  f o r  the demodulator I F  input  
requirements.  This  was done i n  two s teps .  F i r s t ,  the  9.6 kHz s igna l  was ze ro  
i n s e r t i o n  upsampled by a f a c t o r  of 1:s t o  a sampling frequency of 48 LBz. The 
spectrum of t h i s  s i g n a l  is  shown i n  F igure  3 .4(a) .  The baseband spectrum is  
centered  a t  mu l t ip l e s  of 9.6 kHz. The h igh  frequency images a r e  then removed 
by lowpass f i l t e r i n g ,  y i e ld ing  t h e  spectrum of Figure 3.4(b) .  Although the  
baseband images a r e  s t i l l  recognizable ,  they represent  n e g l i g i b l e  energy com- 
pared t o  the  da t a  spectrum. The 48 LBz sampled baseband da ta  i s  then QPSK 
modulated t o  the  1 2  kHz demodulator I F  frequency. 
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3.1.2 Demodulator 
The demodulator of Figure 3.5 was s imulated i n  modular form with each 
b lock  r ep resen t ing  a d i f f e r e n t  s i g n a l  processing t a s k  t h a t  could be t e s t e d  
s e p a r a t e l y  f o r  f u n c t i o n a l i t y .  A s p e c i f i c  e f f o r t  was made during s imula t ion  
development t o  e r c e r c i s e  system parameters f o r  op t imiza t ion  of t he  real- t ime 
demodulator design. The e f f i c i e n c i e s  of mul t i - ra te  processing were 
emphasized. 
Since the  analog-to-digi ta l  conver te r  i s  opera t ing  a t  a sampling f re -  
quency of 48 LHz, four  times the  IF  frequency, a l l  ad jacent  samples a r e  i n  
t ime quadrature .  T r a n s l a t i o n  t o  baseband i s  achieved by mul t ip ly ing  wi th  a 
square wave a fou r  sample per iod  which, i n  the  d i g i t a l  domain, i s  s p e c t r a l l y  
i d e n t i c a l  t o  a s inuso id  of the  same frequency. Every o the r  sample of the 
baseband s i g n a l  i s  then  separa ted  i n t o  in-phase and quadra ture  components Sam- 
p led  a t  a 24 kEz r a t e .  Each component i s  divided i n t o  two streams. One 
undergoes p i l o t  recovery and the  o ther  i s  de lay  equal ized  t o  match the  lowpass 
f i l t e r i n g  i n  the  p i l o t  processing.  
The advantage of lowering the  sampling f requencies  c l e a r l y  r e s u l t s  i n  
reduced d i g i t a l  p rocess ing  cos t .  Decimation i n  the  s i g n a l  pa ths  lead ing  t o  
the  p i l o t  recovery lowpass f i l t e r s  s i g n i f i c a n t l y  eases  both the processing 
burden and t h e  d i g i t a l  f i l t e r  design. A decimation r a t i o  of 5:l causes  no 
a l i a s i n g  and improves the  lowpass cut-off t o  sampling frequency r a t i o ,  allow- 
ing a much lower order  f i l t e r  implementation. The recovered p i l o t  s t reams a r e  
sub t r ac t ed  o f f  from the delayed da ta  and e s t ima tes  of t he  channel phase per- 
t u rba t ions  a r e  passed t o  the  d e t e c t i o n  algorithm. The p i l o t  processing and 
da ta  d e t e c t i o n  a r e  s imulated e s s e n t i a l l y  a s  descr ibed i n  s e c t i o n  2.1.2; how- 
ever ,  s ince  t h e r e  a r e  d i f f e r e n t  processing r a t e s  i n  the  demodulator, some 
method must be chosen t o  handle the d i f f e r e n t  r a t e  boundaries.  A f u l l  i n t e r -  
p o l a t i o n  t o  r econs t ruc t  the  lower r a t e  s igna l  i s  expensive i n  processing cos t .  
A zero-order hold i s  simple t o  implement but  has  a poor frequency cha rac t e r i s -  
t i c  a s  h igher  frequency images r o l l  o f f  wi th  only a s i n ( x ) / x  response.  
r e s u l t ,  a f i r s t - o r d e r  hold i s  implemented providing much b e t t e r  a t t enua t ion  of 
images. The process ing  c o s t  i s  r e l a t i v e l y  low requ i r ing  only  a one sample 












I The r e s u l t s  of t he  s imulated demodulator output  a r e  compared wi th  r e spec t  
t o  two performance c r i t e r i a  : recovered p i l o t  q u a l i t y  and da ta  eye q u a l i t y .  
n o  d i f f e r e n t  p i l o t  recovery f i l t e r s  were used wi th  3 dB cut-off f requencies  
r ep resen t ing  maximum d e s i r e d  p i l o t  bandwidth, 150 Hz, and minimum usable  
bandwidth, 80 Hz. The f i l t e r  c h a r a c t e r i s t i c s  a r e  summarized i n  t a b l e  3.1. 
The t r ansmi t t ed  p i l o t  l e v e l  i s  0.5 and t h e  nominal eye opening i s  2.0. 
Figure 3.6(a)  shows the  recovered p i l o t  using t h e  150 Hz l o rpass  f i l t e r  
without  t he  b e n e f i t  of a highpass  f i l t e r  on t he  t ransmi t  end. 
a t i o n  from the t r ansmi t t ed  l e v e l  i s  due s o l e l y  t o  da t a  modulation of t he  
p i l o t .  I f  t he  p i l o t  of Figure 3.7(a)  i s  compared t o  t h i s  one, a s i g n i f i c a n t  
decrease i n  var iance  i s  observed. Although da ta  energy cont inues  t o  l e a k  i n t o  
the  p i l o t  recovery channel,  the amount i s  g r e a t l y  reduced a t  t he  t ransmi t  s i d e  
by the  Manchester encoding. 
t h a t  t he re  i s  l i t t l e  da t a  energy remaining i n  the  frequency band below 80 Hz. 
The l a r g e  va r i -  
The l a r g e  reduct ion  i n  p i l o t  var iance  sugges ts  
F igures  3.6(b) and 3.7(b) show the  eye diagrams corresponding t o  the  
Both show the  IS1 int roduced by the  demodulator a t  the  recovered p i l o t s .  
d e t e c t i o n  algorithm. 
150 Hz recovery f i l t e r  i s  p a r t i c u l a r l y  bad due t o  the  l a r g e  da t a  modulation 
induced var iance .  
The eye p a t t e r n  generated from the system employing t h e  
With the  a d d i t i o n  of a t ransmi t  highpass  f i l t e r ,  the  demodulator 
recovered p i l o t s  more c l o s e l y  approach the  t ransmi t ted  l e v e l s .  
shows the p i l o t  ob ta ined  w i t h  the  150 Hz recovery f i l t e r  and Figure  3.9(a)  
shows t h e  p i l o t  recovered through the  80 Hz lonpass f i l t e r .  Both p i l o t s  exhi- 
b i t  cons iderable  improvement due t o  the  inc lus ion  of t he  highpass  f i l t e r .  
Figure 3.8(a)  
The r e spec t ive  da t a  eye p a t t e r n s  a r e  shown in Figures  3.8(b) and 3.9(b).  
A comparison between the  de tec ted  eye diagram obta ined  wi th  the  80 Hz recovery 
f i l t e r  and t h e  t r ansmi t t ed  da t a  eyes  of F igures  3 .2(a)  and 3.3(a) i n d i c a t e s  
n e g l i g i b l e  d i s t o r t i o n  introduced by the  demodulator. 
A conf igu ra t ion  which was not  s imulated but p o t e n t i a l l y  r e s u l t s  i n  
reduced IS1 a t  t he  demodulator c o n s i s t s  of t ransmi t  highpass  f i l t e r i n g  a t  a 
frequency of 80 Hz and a l s o  employing an 80 Hz p i l o t  recovery f i l t e r .  This  
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TABLE 3 . 1  
P I L O T  RECOVERY F I L T E R  CHARACTERISTICS 
1 5 0  Hz P i l o t  R e c o v e r y  F i l t e r :  
3 d B  bandwidth 
4 0  d B  bandwidth 
passband r ipp le  
s a m p l i n g  f r equency  
80 Hz P i l o t  R e c o v e r y  F i l t e r :  
3 d B  bandwidth 
4 0  d B  bandwidth 
passband r i p p l e  
sampl ing  frequency 
1 5 0  Hz 
300 Hz 
0 . 1  d B  
4 . 8  kHz 
80 Hz 
1 6 0  Hz 
0 . 1  d B  
4 . 8  kHz 
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Manchester Recovered Pilot wlout  Modulator  HPF 
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FIGURE 3 .G(a )  MTCT RECOVERED PILOT, 150 HZ PILOT 
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FIGURE 3 .6  (b )  MTCT RECOVERED EYE FOR THE P I L O T  OF 
FIGURE 3 . 6  (a) 
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FIGURE 3 . 7 ( a )  MTCT RECOVERED PILOT, 80  IIZ PILOT LOIVPASS 
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FIGURE 3 . 8  ( b )  MTCT RECOVERED EYE FOR THE P I L O T  OF FIGURE 3 . 8  ( a )  
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FIGURE 3 . 9 ( a )  MTCT RECOVERED PILOT, 80 HZ LOWPASS FILTER AND 
HIGHPASS TRANSNIT FILTER 
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Manchester Recovered Eye w/HPF (80 Hr  Pilot LPF) 
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FIGURE 3 . 9 ( b )  MTCT RECOVERED EYE FOR THE PILOT OF FIGURE 3.9(a) 
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FIGURE 3.10(b) M"CT RECOVERED EYE FOR A 50 HZ FREQUENCY O F F S E T  AND 
AN 80 HZ LOWPASS F I L T E R  
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would r e s u l t  i n  a recovered p i l o t  wi th  s l i g h t l y  more var iance  than  the  one of 
F igure  3.9(a) ;  however, the  da t a  eye should d i sp lay  l e s s  IS1  s ince  a - s i g n i f i -  
can t  p a r t  of t he  d a t a  spectrum (80-150 Hz) i s  l e f t  i n t a c t .  
The demodulator performance was a l s o  examined a f t e r  in t roducing  a 50 Hz 
frequency o f f s e t  t o  t he  modulated s igna l .  F igures  3.10(a-b) show the  de t ec t ed  
da ta  eyes  obta ined  wi th  the  150 Hz and 80 Hz lowpass f i l t e r s  r e spec t ive ly .  
The performance exh ib i t ed  by the  MTCI' conf igu ra t ion  i n d i c a t e s  t h e  a b i l i t y  t o  
c o r r e c t  f o r  a cons iderable  frequency displacement.  
3.2 Subca r r i e r  TCT 
3.2 .l Modulator 
As an a l t e r n a t i v e  t o  the  MTCT t r a n s m i t t e r ,  t he  STCl'modulator of Figure 
2.4 was f u l l y  s imulated.  The STCT modulator r e l i e s  on the  s u b c a r r i e r  modula- 
t i o n  t o  c r e a t e  the  s p e c t r a l  n u l l  f o r  p i l o t  i n s e r t i o n ;  t he re fo re ,  i t s  design i s  
cons iderably  s i m p l i f i e d  by omi t t ing  both the  Manchester encoding and t h e  
highpass  f i l t e r s .  Frequency domain raised-cosine pulse  shaping i s  aga in  used 
i n  t h e  STCl' system. An excess  bandwidth f r a c t i o n  of 0.4 i s  employed f o r  pu l se  
shaping and a 960 Hz subca r r i e r ,  f o r  QPSK modulation i n  order  t o  meet the  
s ingle-s ided s p e c t r a l  occupancy requirement of a 40 dB a t t e n u a t i o n  a t  1.8 kBz 
from the  cen te r  frequency. The modulator output  i s  a 48 Ltiz sampled s t ream 
t r a n s l a t e d  t o  a 1 2  kHz IF. 
The baseband d a t a  eye i s  shown i n  F igure  3.11(a) and 3.11(b) shows the  
corresponding spectrum. F igure  3.12 shows both the QPSK modulated da ta  onto 
t h e  s u b c a r r i e r  and the  s p e c t r a l  n u l l .  Since no energy has  been removed from 
t h e  da t a  s i g n a l ,  un l ike  the  WCT system, the t r ansmi t t ed  da t a  i s  f r e e  of ISI .  
3.2.2 Demodulator 
The t r a n s l a t i o n  process  from I F  t o  baseband i n  the  STCT demodulator was 
changed s l i g h t l y  from the  one used i n  t h e  MTCT system. Demodulation was 
achieved without  a l o c a l  re ference  by tak ing  advantage of the  f a c t  t h a t  t he  
da t a  bandwidth i s  small i n  comparison t o  the  sampling frequency. In t he  STCT 
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simulat ion,  a r a t i o  of 4 : l  was employed and ad jacent  I F  input  sample p a i r s  
were t r a n s l a t e d  t o  1 2  LBz in-phase and quadra ture  baseband components. Fig- 
u r e s  3.13(a-c) d e t a i l  the  demodulation process.  A f u r t h e r  decimation of 5 : l  
i n  t he  s igna l  pa ths  lead ing  t o  the  p i l o t  recovery lo rpass  f i l t e r s  was used 
causing a l i a s i n g  i n  t h e  da t a  but  no t  i n  the  p i l o t .  The a l i a s e d  p o r t i o n  of t he  
spectrum i s  loca t ed  i n  the  stopband of the  recovery f i l t e r  and c o n t r i b u t e s  no 
negat ive  e f f e c t s ,  see  F igures  3.14(a-b). The f i n a l  processing r a t e s  i n  the  
STCI' s imula t ion  were 1 2  LBz f o r  the  d a t a  arms and 2.4 LBz f o r  the  p i l o t  chan- 
n e l s  ( t hese  r a t e s  can be appl ied  t o  the  MTCI' s imula t ion  a s  w e l l ) .  
The r e s u l t s  of t he  s u b c a r r i e r  demodulator s imula t ion  a r e  summarized i n  
F igures  3.15(a-b) and 3.16. Figure 3.15(a) shows a recovered p i l o t  with v i r -  
t u a l l y  no da ta  modulation cor rupt ing  i t ,  r e s u l t i n g  i n  t h e  corresponding 
recovered eye p a t t e r n  of F igure  3.15(b) which shows no ISI .  A frequency 
o f f s e t  t e s t  was a l s o  performed wi th  the subca r r i e r  s imulat ion.  Figure 3.16 
shows the  recovered da ta  eye which d i s p l a y s  no t i ceab le  d i s t o r t i o n .  Some pre l -  
iminary i n v e s t i g a t i o n  seemed t o  i n d i c a t e  t h a t  IS1  i s  produced by imperfect 
c a n c e l l a t i o n  of the  frequency o f f s e t  double term product i n  the  d e t e c t i o n  
algorithm. The d i s t o r t i o n  introduced by t h i s  term i s  assumed a l s o  t o  be 
p re sen t  i n  the  MTCT demodulator. 
Table 3.2 compares t h e  recovered p i l o t  var iances  f o r  bo th  the  MTCT and 
STCI' systems. A l l  var iances  a r e  re ferenced  t o  the  recovered s u b c a r r i e r  p i l o t  
var iance  l e v e l .  
4. MODEM HAIDWARE IMPLEldENTATION 
4.1 Manchester Encoded TCT 
The Manchester encoded TCT was the  method chosen by JPL t o  be followed 
through t o  a hardware r e a l i z a t i o n ,  Consequently, the MTCT modem i s  the  major 
t op ic  of t h i s  s ec t ion .  To da te  a stand-alone board t h a t  s e rves  a s  t h e  d i g i t a l  
modulator f o r  both the MTCT and STCT systems has  been completed and i s  f u l l y  
t a s t e d  and func t iona l .  The requi red  RF c i r c u i t r y  f o r  the modulator and demo- 








































































Figure 3.14(a) Aliased Baseband Spectrum 
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been i n t e g r a t e d  wi th  the  stand-alone modulator board and and i s  ope ra t ive ,  a s  
w i l l  be shown l a t e r .  A c i r c u i t  board design had been i n i t i a t e d  f o r  the  MTCT 
demodulator and t h e  TMS320 code i s  w r i t t e n ,  however, due t o  i n s u f f i c i e n t  time 
t o  complete cons t ruc t ion  w i t h i n  the  p r o j e c t  schedule,  i t  was decided by JPL 
not  t o  fol low it  through t o  completion. The MTCT TMS320 sof tware used i n  the  
premodulation processing i s  included i n  Appendix 11. 
Since t h e  hardware implementation of the  modulator was d iscussed  previ-  
ous ly  i n  both the  f i r s t  and second in t e r im  repor t s ,  only the  s a l i e n t  f e a t u r e s  
w i l l  be presented  i n  the  fol lowing sec t ion .  
4.1.1 Modulator ImDlementation 
A block diagram of the f i n a l  stand-alone d i g i t a l  modulator i s  shown i n  
F igure  4.1. A l l  processing t a s k s  a r e  performed by the  Texas Instruments  
TMS320, the  remaining components of the  board a r e  necessary f o r  the  proper 
func t ion  of the  TMS320. The program code i s  he ld  i n  the  2K of EPROM and i s  
read i n t o  the  2K of RAM upon the  boot ing of the system. I n  t h i s  way, a slow 
access  time, W e r a s a b l e  PROM can be used i n  conjunct ion wi th  f a s t  RAM t o  
avoid usage of once-only programmable b i p o l a r  PROM. The 1/0 block c o n s i s t s  of 
t h ree  l a t c h e s  which con t ro l  the two system outputs  and s i n g l e  system input.  
The two remaining blocks p e r t a i n  t o  the con t ro l  t iming of the  processing.  The 
Master Timing block inc ludes  a 20 MEIz c lock  f o r  the  TMS32010 processor  ch ip ,  
while t he  o the r  1/0 t imer  s t r o b e s  the  TMS320 a t  a r a t e  of 9.6  LHz., i nd ica t ing  
t h a t  i t  i s  time f o r  the  system t o  r e l e a s e  an inphase and quadra ture  sample 
p a i r  t o  the  QPSK modulator. Also, on every fou r th  s e t  of ou tputs ,  a new d a t a  
b i t  i s  read  in .  
The d e t a i l s  of t he  modulator code were presented  i n  the  F i r s t  In t e r im  
r e p o r t  [11 and w i l l  only be b r i e f l y  summarized here .  The TMS320 accepts  a 
binary  input  a t  a r a t e  of 2.4 kbps. These input  b i t s  a r e  s p l i t  i n t o  even and 
odd d a t a  s t reams p r i o r  t o  Manchester encoding. Encoding i s  performed only 
a f t e r  two da ta  b i t s  have been input  which has  the  e f f e c t  of synchronizing the  
inphase and quadra ture  streams. The next s t e p  i n  the  modulation process  i s  t o  
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I The pulse-shaping chosen f o r  implementation i s  t h e  raised-cosine shape 
~ 
with  an excess  bandwidth f r a c t i o n ,  j3, of 0 . 5 ,  as discussed  i n  s e c t i o n  2.1. 
I The raised-cosine pulse-shape i s  t runca ted  such t h a t  i t  spans e i g h t  Manchester 
encoded da ta  b i t s  and i s  represented  d i g i t a l l y  by four  evenly spaced samples 
pe r  b i t ,  f o r  a t o t a l  of thir ty- two samples per  pu lse  waveform. As  w i l l  be 
shown p resen t ly ,  t h i s  r e p r e s e n t a t i o n  of the  raised-cosine pu l se  i s  s u f f i c i e n t  
t o  produce a t r ansmi t  da t a  'eye' of the  des i r ed  q u a l i t y  and s p e c t r a l  occu- 
pancy. 
These thir ty- two pulse-shape c o e f f i c i e n t s  a r e  s to red  i n  ROM and l i s t e d  i n  
Table 4.1. This  t a b l e  inc ludes  both the a c t u a l  va lues  of the  c o e f f i c i e n t s  a s  
we l l  a s  t h e  sca led  va lues  used i n  the  TMS320 implementation. "he encoded da ta  
b i t s  a r e  pulse-shaped by simply mul t ip ly ing  these  c o e f f i c i e n t s  by the  code b i t  
i n  quest ion.  Therefore ,  a +1 i s  represented  by the  thir ty- two c o e f f i c i e n t s  
t h a t  appear i n  Table 4.1, a -1 by t h e i r  inverse .  A t  any p o i n t  i n  time, the  
output  of the  pulse-shaping s e c t i o n  i s  simply the sum of the  samples from a l l  
waveshapes t h a t  a r e  non-zero a t  t h a t  i n s t a n t  i n  time. h e  t o  t he  t runca t ion  
of t he  pulse-shape, only the  waveforms represent ing  the  e i g h t  most r ecen t  Man- 
c h e s t e r  b i t s  a r e  non-zero and, hence, taken i n t o  cons idera t ion .  Since t h e r e  
a r e  four  samples of the  pulse-shape per  Manchester b i t  per iod ,  t he re  w i l l  be 
fou r  outputs  pe r  I/Q stream from the processor  ch ip  per  Manchester b i t .  The 
inphase and quadra ture  shaping i s  i d e n t i c a l  and ope ra t e s  independently on t he  
separa ted  even and odd da ta  b i t  streams. Hence the  I and Q shaping can be 
represented  by the  genera l  equat ion:  
s ( t i  + j) = 2 cbn * P(4(n-t i  + 8)  + j) j = 1,2 ,3 ,4  
n=t -7 i 
(4.1) 
where t i s  the  time index of the  most r ecen t  Manchester b i t ,  cbn r e f e r s  t o  
the  encoded da ta  b i t s  (even o r  odd) ,  the index j i s  an output  po in t e r  which 
i n d i c a t e s  which of the  four  outputs  f o r  t h i s  p a r t i c u l a r  s e t  of code b i t s  i s  
under cons ide ra t ion ,  and the  P(.) terms a r e  the  raised-cosine pulse-shape sam- 
p l e s  l i s t e d  i n  t a b l e  4.1. Af te r  a l l  four  output  samples have been generated,  
a new code b i t  e n t e r s  i n t o  play,  and the  o l d e s t  b i t  of the l a s t  nine i s  
i 
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P ( 1 )  = P ( 3 2 )  
P ( 2 )  = P ( 3 1 )  
P ( 3 )  = P ( 3 0 )  
P ( 4 )  = P ( 2 9 )  
P ( 5 )  = P ( 2 8 )  
P ( 6 )  = P ( 2 7 )  
P ( 7 )  = P ( 2 6 )  
P ( 8 )  = P ( 2 5 )  
P ( 9 )  = P ( 2 4 )  
P ( 1 0 )  = P ( 2 3 )  
P ( 1 1 )  ,= P ( 2 2 )  
P ( 1 2 )  = P ( 2 1 )  
P ( 1 3 )  = P ( 2 0 )  
P(14) = P(19) 
P ( 1 5 )  = P ( 1 8 )  
P ( 1 6 )  = P(17) 
Table 4.1 
P u l s e  Shaping C o e f f i c i e n t s  
A c t u a l  Value 
.00219  
.00555 
. 0 0 4 6 4  
. 0 0 0 8 6 7  
.00114  
.01056  
. 0 2 2 1  
.01599  
- . 0 2 5 3 3  
-. 0 9 1 7 2  
-. 1 3 3 4  
- . 0 7 9 5 3  
.1159  
.7587 
. 9709  
Scaled Value 
36 
9 1  
7 6  
1 4  
1 9  
1 7 3  
363 
262  
- 4 1 5  
- 1 5 0 3  
-2186  
- 1 3 0 3  
1 8 9 9  
7 0 2 8  
1 2 4 3 1  
1 5 9 0 8  
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discarded.  F igure  4.2(a)  shows the  r e s u l t i n g  eye diagram a f t e r  Manchester 
encoding and raised-cosine pu l se  shaping. Note t h a t  a t  the  sampling i n s t a n t s  
t h e r e  i s  no intersymbol in t e r f e rence .  F igure  4.2(b) shows t h e  shaped spectrum 
corresponding t o  the  eye diagram of Figure 4 .2(a) .  Observe t h a t ,  due t o  the  
Af te r  t he  pulse-shaping has  been completed, the  shaped I and Q st reams 
a r e  sen t  on t o  be highpass  f i l t e r e d .  This  i s  done t o  accentua te  the  notch a t  
d.c., which was i n i t i a l i z e d  by the  Manchester coding. lbo FIR highpass  
f i l t e r s  were considered f o r  implementation: one wi th  91 t aps  and the  o the r  
wi th  45. Close in spec t ion  of the  r e s u l t i n g  eye diagrams and spec t r a  ind ica t ed  
t h a t  t he  45 t a p  f i l t e r  w a s  s u f f i c i e n t  f o r  the  d e s i r e d  purposes  and was imple- 
mentable w i t h i n  the  DSP chip.  The a c t u a l  and sca led  va lues  of the  45 t a p  
weights  used i n  the  TMS320 implementation a r e  l i s t e d  i n  t a b l e  4.2. The f i l t e r  
design s p e c i f i c a t i o n s  used i n  the  computer-aided design of t h i s  f i l t e r  a r e  a s  
f 01 lows : 
S topband : 0 t o  100 Hz 
Passband : >=250 Hz 
3 dB Po in t :  150 Hz 
0.5 dB Ripple:  >=250 Hz 
20 dB At tenuat ion  a t  d.c. 
Linear  Phase Response 
The impulse reponse of t he  TMs320 vers ion  of t h i s  h igh  pass  f i l t e r  i s  shown i n  
F igure  4.3. 
The pre-modulation processor  output  can be represented  by the  fol lowing 
cons tan t  c o e f f i c i e n t  d i f f e r e n c e  equat ion:  
44 
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EYE DIAGRAM - 1.2 kbps 
MANCHESTER CODING, 4 SAMPLES PER BIT SHAPING, 
8-BIT DAC, BETA = 0.5 
FIGURE 4.2 (a )  
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ORIGINAL PAGE ?S 
OF POOR QUALW 
PULSE SHAPED SPECTRUM - 1 . 2  kbps 
MANCHESTER CODING, 4 SAMPLES PER B I T  SHAPING, 
8 -BIT DAC, BETA = 0 . 5  
FIGURE 4.2 (b) 
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H ( 0 )  = H ( 4 4 )  
H ( 1 )  = H ( 4 3 )  
H ( 2 )  = H ( 4 2 )  
H ( 3 )  = H ( 4 1 )  
H ( 4 )  = H ( 4 0 )  
H ( 5 )  = H ( 3 9 )  
H ( 6 )  = H ( 3 8 )  
H ( 7 )  = H ( 3 7 )  
H ( 8 )  = H ( 3 6 )  
H ( 9 )  = H ( 3 5 )  
H ( 1 0 )  = H ( 3 4 )  
H ( 1 1 )  = H ( 3 3 )  
H(12) = H ( 3 2 )  
H ( 1 3 )  = H ( 3 1 )  
H ( 1 4 )  = H ( 3 0 )  
H ( 1 5 )  = H ( 2 9 )  
H ( 1 6 )  = H ( 2 8 )  
H ( 1 7 )  = H ( 2 7 )  
H ( 1 8 )  = H ( 2 6 )  
H ( 1 9 )  = H ( 2 5 )  
H ( 2 0 )  = H ( 2 4 )  
H ( 2 1 )  = H ( 2 3 )  
H ( 2 2 )  
T a b l e  4 . 2  
T a p  Weights - 4 5  O r d e r  F i l t e r  
A c t u a l  V a l u e  Scaled V a l u e  
- . 0 2 8 1  
- . 0 0 8 3  
- . 0 0 9 4  
- . 0 1 0 6  
- . 0 1 1 8  
-. 0 1 3 0  
-. 0 1 4 2  
- . 0 1 5 5  
- . 0 1 6 7  
-. 0 1 7 9  
-. 0 1 9 1  
- . 0 2 0 2  
- . 0 2 1 3  
- .0223 
- . 0 2 3 2  
-. 0 2 4 1  
- . 0 2 4 9  
-. 0 2 5 5  
- . 0 2 6 1  
- . 0 2 6 5  
-. 0 2 6 8  
-. 0 2 7 0  
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- 4 8  
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ORiGIMAb PAGE ;d 
OF POOR Q U A L m  
IMPULSE RESPONSE 
45 TAP H I G H  PASS FILTER 
FIGURE 4 . 3  
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where x(k)  i s  t h e  system output ,  sk = s ( t i  + j )  a r e  the  shaped samples from 
equat ion  4.1, and t h e  H(scr ip1)  terms a r e  the  high pass  f i l t e r  c o e f f i c i e n t s  
l i s t e d  i n  Table 4.2. Highpass f i l t e r e d  inphase and quadra ture  samples a r e  
output  s imultaneously a t  a r a t e  of 9.6 ksps. To genera te  t h e  da t a  s tagger ing  
I of OQPSK, t he  odd stream output  i s  delayed by two output  sample per iods ,  or 
one-half of a Manchester b i t  period. F igure  4.4(a)  shows t h e  highpass  f i l -  
t e r e d  Manchester eye diagram. Note t h a t  intersymbol in t e r f e rence  has  been 
introduced a t  t he  sampling i n s t a n t s  by the  a c t i o n  of t he  highpass  f i l t e r ,  a s  
p red ic t ed  i n  t h e  sof tware s imulat ion.  The frequency spectrum of the  processed 
da ta  f o r  a random da ta  input  source i s  shown i n  F igure  4.4(b) ,  and shows t h a t  
t he  notch a t  d.c. has  i n  f a c t  been accentuated.  However, t h i s  technique 
removes low frequency da ta  energy a s  wel l ,  which r e s u l t s  i n  the  in t roduc t ion  
of IS1  i n t o  the  t r ansmi t  eye diagram. 
4.1.2 Demodulator 
This  s e c t i o n  desc r ibes  the  f i n a l  s t a t e  of the hardware implementation of 
t he  MTCT baseband demodulator. As with  the modulator, the  main processing 
element i n  t h e  demodulator i s  the  TMS32010 DSP chip.  The stand-alone d i g i t a l  
demodulator c i r c u i t r y  has been designed a t  the  schematic l e v e l  and r e q u i r e s  
two TMS320 processor  ch ips  t o  implement i n  i t s  e n t i r e t y .  The RF r e c e i v e r  c i r -  
c u i t r y ,  see 171, has been designed, b u i l t  and t e s t ed .  The demodulator code 
has  been w r i t t e n  f o r  both TMs320 processors ,  and has  been debugged t o  the  
ex ten t  p o s s i b l e  with the  a v a i l a b l e  software s imula t ion  packages. The TMS320 
demodulator sof tware has  been included i n  Appendix 111. 
A block diagram of the d i g i t a l  MTCT demodulator appears i n  F igure  4.5. 
It i s  necessary t o  employ two TUS320 processors  due t o  the  complexity of the  
demodulation scheme; the pa r t ion ing  of the s igna l  processing requirements  
between the  two processors  i s  a s  i nd ica t ed  i n  Figure 4.5. 
The rece ived  s i g n a l  i s  t r a n s l a t e d  t o  a s u i t a b l e  IF  frequency by the RF 
c i r c u i t r y  and then  converted t o  a d i g i t a l  s i g n a l  p r i o r  t o  demodulation. The 
RF c i r c u i t r y  inc ludes  a s t e p  a t t e n u a t o r  and bandpass f i l t e r  which a r e  used t o  
accu ra t e ly  s e t  car r ie r - to-noise  r a t i o s .  The bandpass f i l t e r  i s  a l s o  used t o  
r e j e c t  unwanted mixer products.  
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FILTERED EYE DIAGRAM - 1 . 2  kbps 
MANCHESTER CODING, 4 SAMPLES PER B I T  SHAPING, 
8-BIT DAC, BETA = 0 . 5 ,  
FOLLOWED BY A 4 5  TAP HIGH PASS FILTER 
FIGURE 4.4 (a )  
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FILTERED PULSE SHAPED SPECTRUM - 1.2 kbps 
MANCHESTER CODING, 4 SAMPLES PER BIT SHAPING, 
8-BIT DAC, BETA = 0.5, 
FOLLOWED BY A 45 TAP HIGH PASS FILTER 
FIGURE 4.4 (b) 
61 
. .  r l  0 4  2 s
a 
0 m m w 











6 2  
The received signal is fed to the RF port of a double balanced mixer 
where it is mixed with the LO signal. A lor-side mix arrangement is used 
with a 149.999988 MHz LO, producing an intermediate frequency of 12 LHz. The 
resulting IF signal is filtered and amplified by a fixed gain stage. 
Automatic Gain Control has not been considered in this implementation, due to 
its added complexity, however, if it was to be inClUdCd, it would be intro- 
duced after the IF filtering a s  part of the IF gain stage. The output of the 
gain stage is then fed to the input'of a 14-bit A/D converter, operating at 48 
ksamples/second, i.e. four times the IF frequency, to generate the digital 
input to the baseband MTCT demodulator. This sample rate will eventually pro- 
duced 10 samples per Manchester code bit or 20 per raw data bit, which, as 
shown by computer simulation, is more than sufficient for the demodulation and 
detect ion processes. 
h e  to this particular choice of sampling frequency, four times the 
intermediate frequency, it is apparent that quadrature sample pairs have been 
produced. This can be directly compared to the conventional generation of I 
and Q signals which employs quadrature analog mixing. As a direct result of 
the 4*IF sampling frequency, the sampled IF signal eminating from the A/D is 
such that every other pair of samples are phase inverted. Translation to 
baseband is accomplished by simply changing the sign of these inverted quadra- 
ture pairs. This is equivalent to mixing the IF signal with a square wave of 
the same frequency. 
The amount of processing necessary for implementation of the digital 
demodulator cannot be performed at a rate of 48 ksamples per second by a sin- 
gle TMS320. To ease the implementation requirements, multirate processing has 
been used. This requires that the input signal be bandpass filtered to meet 
the Nyquist criterion for the maximum decimation signal processing path to 
avoid adjacent channel and noise aliasing (foldover). The bandpass filter 
meeting these requirements has the following specifications: 
63 
Passband Center :  12 LHz. 
-3 dB po in t s :  10.2 and 13.8 LHz. 
-45 dB po in t s :  6.24 and 17.74 LHz. 
Linear  Phase Response 
The f i l t e r  c o e f f i c i e n t s  a r e  l i s t e d  i n  Table 4.3 along wi th  the sca led  
va lues  which a r e  used i n  the  TMS320 implementation. The bandpass f i l t e r  code 
was t e s t e d  us ing  t h e  T I  TMS320 EVM (Evaluat ion Module) board; however, due t o  
the  l i m i t a t i o n  of the  on-board A/D, the  f i l t e r  was implemented wi th  a sample 
r a t e  of 39 LHz. The amplitude and phase responses  of the 39  kHz vers ion  of 
t h i s  bandpass f i l t e r  a r e  shown i n  F igures  4.6 and 4.7. These correspond t o  
the  d e s i r e d  48 LBz sample r a t e  f i l t e r  when the  above s p e c i f i c a t i o n s  a r e  sca led  
by the  f a c t o r  (39/48) .  
The next s t e p  undertaken fol lowing the  bandpass f i l t e r  i r  t o  s p l i t  the  
input  da t a  stream i n t o  inphase and quadrature  channels.  Reca l l  t h a t  t he  I and 
Q st reams a r e  generated by sampling the  IF s i g n a l  a t  four  t imes the  IF f r e -  
quency and process ing  the  samples a s  d i scussed  above. However, i n  t he  imple- 
mentat ion considered,  only every o the r  sample p a i r  i s  used thus  avoiding t h e  
need f o r  the  inve r s ion  of a l t e r n a t e  sample p a i r s  without any l o s s  of informa- 
t ion .  The remaining p a i r s  a r e  demultiplexed, with the  f i r s t  sample of each 
pair  being placed in the I channel and the second i n  the Q channel. As a 
r e s u l t  of t h i s  demodulation and subsequent s p l i t t i n g  of the  rece ived  da ta  
stream, the r a t e  of each of these  channels i s  1 2  ksamples pe r  second, o r  5 
samples pe r  Manchester code b i t .  
The remainder of the processing i n  the  f i r s t  TMS32010 is t h e  same f o r  
both the  inphase and quadra ture  channels  and, t he re fo re ,  only one channel w i l l  
be descr ibed.  The I ( o r  Q) s i g n a l  i s  f i r s t  reproduced t o  form two d u p l i c a t e  
streams. One of these  dup l i ca t e  streams i s  decimated by f i v e ,  which reduces 
t h e  sampling r a t e  t o  2.4 LHz, and i s  immediately sen t  on t o  the  second TMS320 
processor ,  where i t  w i l l  be low pass  f i l t e r e d  a s  p a r t  of the  p i l o t  processing.  
It i r  important t o  note  t h a t  t h i s  decimation does no t  cause a l i a s i n g  i n  t h e  
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H ( 1 )  = H ( 3 1 )  
H ( 2 )  = H ( 3 0 )  
H ( 3 )  = H ( 2 9 )  
H ( 4 )  = H ( 2 8 )  
H ( 5 )  = H ( 2 7 )  
H ( 6 )  = H ( 2 6 )  
H ( 7 )  = H ( 2 5 )  
H ( 8 )  = H ( 2 4 )  
H ( 9 )  = H ( 2 3 )  
H ( 1 0 )  = H ( 2 2 )  
H(11) = H ( 2 1 )  
H ( 1 2 )  = H ( 2 0 )  
H(13) = H(19) 
H(14) = H(18) 
H ( 1 5 )  = H ( 1 7 )  
H ( 1 6 )  = 
Table 4 . 3  
Bandpass Filter Coefficients 
Actual Value Scaled Value 
- . 1 1 9 3  E-5 
- .5156 E-3 
- . 3013  E-6 
- . 01183  
- .2559  E-6 
.0304 
- . 7395  E-6 
- . 0302  
.8667  E-6 
- . 0237  
.1482  E-5 
.1346 
- . a 7 4 3  E-6 
-. 2524 

















1 9 8 8 8  
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REF LEVEL / D I v  MARKER 9 750.000Hz 
20. OOOdB 10. OOOdB MAG < A I R )  7.302dB 
AMPTD 15. OdBm 
FIGURE 4 . 6  MAGNITUDE RESPONSE O F  BANDPASS FILTER, 16 B I T  
COEFFICIENTS, SAMPLING FREQUENCY = 39 kHZ 
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REF LEVEL 
0. O d e g  
/DIV MARKER 9 7 5 0 . O O O H z  
45. OOOdeg PHASE <A/R> 45. 312deg 
START 4 875.000Hz STOP 14 625. O O O H z  
AMPTD 15. O d B m  
I FIGURE 4.7 PHASE RESPONSE OF BANDPASS FILTER IN FIGURE 4.6 
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p i l o t  f i l t e r  passband but  does improve the  f i l t e r  cut-off t o  sampling r a t i o ,  
making i t  poss ib l e  t o  use a lower order  f i l t e r .  
The o the r  sample stream i s  placed i n t o  an e x t e r n a l  RAM, which func t ions  
a s  a de lay  b u f f e r  t o  compensate f o r  the  p i l o t  processing input /ouput  delay,  
thereby maintaining synchroniza t ion  between the  two streams. The e x t e r n a l  RAM 
s t o r e s  the  samples u n t i l  i t  is time t o  send them on t o  t he  second TMs320 pro- 
ces so r ,  where the  p i l o t  tone component w i l l  be removed from these  appropri-  
a t e l y  delayed samples. The remaining func t ions  of t he  demodulator a r e  per- 
formed i n  the  second processor  which, conceptual ly ,  c o n s i s t s  of two p a r a l l e l  
pa ths ,  one dedica ted  t o  the  p i l o t  processing and t h e  o the r  t o  the  delayed 
da ta .  These pa ths  converge a t  t he  d e t e c t i o n  algori thm, where fade compensa- 
t i o n  and synchronous da t a  d e t e c t i o n  a r e  performed. As s t a t e d  above, t he  I and 
Q da ta  s t reams undergo i d e n t i c a l  processing,  a s  do the  inphase and quadra ture  
ba se band p il o t  component s . 
The f i r s t  ope ra t ion  performed i n  the  processing of the  p i l o t  i s  t o  
lowpass f i l t e r  the  undelayed, decimated I and Q sample t r a i n s  i n  order  t o  
recover  the  p i l o t  tone components. Assuming an expected worst  case fad ing  
frequency of 80 Hz a t  the r ece ive r ,  t he  lowpass f i l t e r  design s p e c i f i c a t i o n s  
a r e  a s  fo l lows:  
-3 dB a t  80 Hz. 
-39 dB a t  160 Hz. 
Linear  Phase Response 
The p i l o t  lowpass f i l t e r  c o e f f i c i e n t s  a r e  l i s t e d  i n  t a b l e  4.4. Included 
a r e  the  13 b i t  sca led  i n t e g e r  va lues  used i n  the  TMS320 software.  The p i l o t  
d i g i t a l  f i l t e r  was designed to opera te  a t  2.4 kHz t o  achieve i t s  d e s i r e d  f r e -  
quency response; however, i t  was t e s t e d  on t h e  TMS320 EVM board a t  a 39 IEHz 
sampling r a t e  f o r  b e t t e r  frequency r e so lu t ion .  The r e s u l t i n g  magnitude and 
phase responses ,  of F igures  4.8 and 4.9, a r e  t h e r e f o r e  sca led  by the  f a c t o r  
(39/2.4). 
l o c a l  o s c i l l a t o r  of the  network analyzer .  
Responses a r e  not  shown t o  ze ro  frequency due t o  leakage from the  
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Table 4 . 4  
Pilot Lowpass Filter Coefficients 
H ( 0 )  = H ( 6 4 )  
H ( 1 )  = H ( 6 3 )  
I H ( 2 )  = H ( 6 2 )  
H ( 3 )  = H ( 6 1 )  
H ( 4 )  = H ( 6 0 )  
H ( 5 )  = H ( 5 9 )  
H ( 6 )  = H ( 5 8 )  
H ( 7 )  = H ( 5 7 )  
H ( 8 )  = H ( 5 6 )  
H ( 9 )  = H ( 5 5 )  
H ( 1 0 )  = H ( 5 4 )  
H ( l 1 )  = H ( 5 3 )  
H ( 1 2 )  = H ( 5 2 )  
H ( 1 3 )  = H ( 5 1 )  
H ( 1 4 )  = H ( 5 0 )  
H ( 1 5 )  = H ( 4 9 )  
H ( 1 6 )  = H ( 4 8 )  
H ( 1 7 )  = H ( 4 7 )  
H ( 1 8 )  = H ( 4 6 )  
H ( 1 9 )  = H ( 4 5 )  
H ( 2 0 )  = H ( 4 4 )  
H ( 2 1 )  = H ( 4 3 )  
H ( 2 2 )  = H ( 4 2 )  
I 
Actual Value 
- . 0 0 6 2 3  
- . 0 0 0 7 9  
- . 0 0 0 3 1  
. 0 0 0 5 2  
. 0 0 1 6 4  
. 0 0 2 9 4  
. 0 0 4 2 6  
. 0 0 5 3 8  
. 0 0 6 0 9  
. 0 0 6 1 9  
. 0 0 5 5 0  
. 0 0 3 9 3  
. 0 0 1 4 8  
- . 0 0 1 7 3  
-. 0 0 5 5 0  
- . 0 0 9 3 6  
-. 0 1 2 9 7  
-. 0 1 5 7 8  
-. 0 1 7 2 8  
-. 0 1 6 9 6  
- . 0 1 4 4 3  
- . 0 0 9 4 5  





1 7  
5 4  
9 6  
1 3 9  
1 7 6  
2 0 0  
2 0 3  
1 8 0  




- 3 0 7  
- 4 2 5  
- 5 1 7  
-566  
-556  
- 4 7 3  
-310  
- 6 3  
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I H ( 2 3 )  = H ( 4 1 )  
H ( 2 4 )  = H ( 4 0 )  
H ( 2 5 )  = H ( 3 9 )  
H ( 2 6 )  = H ( 3 8 )  
H ( 2 7 )  = H ( 3 7 )  
H ( 2 8 )  = H ( 3 6 )  
H ( 2 9 )  = H ( 3 5 )  
H ( 3 0 )  = H ( 3 4 )  
H ( 3 1 )  = H ( 3 3 )  
H ( 3 2 )  
Table 4 . 4  
Pilot Lowpass Filter Coefficients 
Actual Value 
. 0 0 7 9 9  
. 0 1 9 9 4  
. 0 3 3 3 8  
. 0 4 7 5 8  
. 0 6 1 6 9  
. 0 7 4 8 3  
. 0 8 6 1 3  
. 0 9 4 8 0  
. l o 0 2 8  
.lo215 
Scaled Value 
2 6 2  
6 5 4  
1 0 9 4  
1 5 5 9  
2 0 2 1  
2 4 5 2  
2 8 2 2  
3 1 0 7  
3286  
3 3 4 7  
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R E F  LEVEL /DIV MARKER 997. OOOHz 
30. OOOdB 10. OOOdB MAG <A/R> 10. 529dB 
START 700. O O o H z  STOP 4 000 .OOOHz 
AMPTD 10. OdBm 
FIGURE 4 . 8  MAGNITUDE RESPONSE OF THE PILOT LOWPASS FILTER, 
1 3  BIT  COEFFICIENTS, SAMPLING FREQUENCY = 39 kHz 
71 
REF LEVEL /DIV MARKER 754. O O O H z  
0. Odeg 45. OOOdeg PHASE <A/R> -97. 500deg 
START 700. OOOHz 
A M P T D  10. OdBm 
STOP 1 3 0 0 . O O O H z  
FIGURE 4.9 PHASE RESPONSE OF THE PILOT LOWPASS FILTER IN 
FIGURE 4.8 
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The f i l t e r e d  I and Q st reams a r e  u t i l i z e d  i n  two ways: (11 they  a r e  
passed on t o  t he  p i l o t  p rocessor  and (2) they a r e  sub t r ac t ed  from t h e i r  
r e spec t ive  delayed I/Q sample t r a i n .  The l a t t e r  ope ra t ion  removes t h e  p i l o t  
from the u n f i l t e r e d  12 LHz sample stream and t h e  r e s u l t  i s  sen t  t o  the  detec- 
t i o n  algorithm. 
The s u b t r a c t i o n  of the  lowpass f i l t e r e d  s i g n a l  from the  delayed sample 
stream may a t  f i r s t  appear t o  be s t ra ight forward ,  however i t  i s  complicated 
by the  m u l t i r a t e  processing.  S p e c i f i c a l l y ,  the u n f i l t e r e d  stream has a sample 
r a t e  of 12 LHz, while  the f i l t e r e d  stream, having been decimated by f i v e ,  has  
a sample r a t e  of only 2.4 kHz. In order  t o  perform the sub t r ac t ion ,  a l i n e a r  
i n t e r p o l a t i o n  of t he  sample va lues  of the  2.4 kHz stream i s  used t o  r a i s e  the 
sample r a t e .  Linear  i n t e r p o l a t i o n  was s e l e c t e d  over the  l e s s  complex zero- 
order  hold method because the  software s imula t ion  of t h i s  demodulator indi-  
ca t ed  t h a t  the  a d d i t i o n a l  accuracy afforded by the  i n t e r p o l a t i o n  method i s  
necessary.  
The I and Q recovered p i l o t  components, a t  2.4 ksamples/sec,  a r e  passed 
onto the  p i l o t  p rocessor  block which e x t r a c t s  the  fading phase information. 
This ,  i n  t u rn ,  i s  passed onto the  d e t e c t i o n  algori thm where i t  i s  used t o  
m i t i g a t e  the  fad ing  e f f e c t s  on t he  da t a  sidebands. This  process  i s  based on 
t h e  assumption t h a t  the  p i l o t  has  been exposed t o  the  same channel per turba-  
t i o n s  a s  t he  da t a ,  e.g. Ric ian  o r  Rayleigh mul t ipa th  fading.  The I and Q out- 
p u t s  of the  the  p i l o t  processor  a r e  used i n  the  d e t e c t i o n  algori thm a s  
coherent phase re ferences .  The p i l o t  processing func t ion  i s  d e t a i l e d  i n  equa- 
t i o n  4.3. 
(4.3) 
In t h e  a c t u a l  implementation, the inverse  tangent  i s  not  eva lua ted ,  r a t h e r ,  
the  r e s u l t  of t he  Q /I d i v i s i o n  i s  used t o  determine t h e  corresponding s i n e  
and cosine va lues  v i a  a look-up t ab le .  The p e r i o d i c i t y  and symmetry of the 
t r igonometr ic  func t ions  a r e  exp lo i t ed  t o  minimize the  s i z e  of t h i s  look-up 
t a b l e ,  only cos(9)  and s i n ( 9 )  va lues  f o r  P i n  t he  range [O,n/41 need be s t o r e d  
i n  order  t o  implement t h i s  func t ion .  Therefore ,  t h i s  processing block w i l l  
P P  
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f i r s t  d iv ide  a quadra ture  sample by i t s  corresponding inphase sample, then 
simply use t h i s  look-up t a b l e  t o  l o c a t e  the  appropr i a t e  cosine and s i n e  
values .  The [O,n/41 angle  range is subdivided i n t o  128  l eve l s .  Software 
s imula t ions  have shown t h a t  t h i s  i s  of s u f f i c i e n t  accuracy. These cosine and 
s i n e  terms a r e  sen t  on t o  the  next  phase i n  the  demodulator, the  d e t e c t i o n  
a1 gor i thm. 
The l a s t  s e c t i o n  of the  demodulator i s  the  d e t e c t i o n  algorithm. This  
func t ion  block uses  t h e  s ine  and cosine of the  p i l o t  angle ,  which a t  t h i s  
po in t  should c o n s i s t  of the  p i l o t  tone wi th  amplitude v a r i a t i o n s  removed, as 
coherent  phase r e fe rences  f o r  the  simultaneous ope ra t ions  of d a t a  recovery and 




streams. The demodulated s i g n a l s ,  ZI and ZQ, a r e  then  f ed  o f f  c h i p  t o  analog 
integrate-and-dump da ta  d e t e c t o r s  t o  produce an e s t ima te  of the  t r ansmi t t ed  
da ta .  
and QD a r e  the  inphase and quadrature  samples from the  1 2  U z  
As i n  t h e  case of the  removal of the p i l o t  s igna l  from the rece ived  s i g -  
n a l ,  t he  d e t e c t i o n  process  i s  complicated by the  m u l t i r a t e  processing.  Here, 
t he  I and Q st reams a r e  sampled a t  1 2  kHz while the cosine and s i n e  s i g n a l s  
a r e  sampled a t  only 2.4 kHz. As before ,  l i n e a r  i n t e r p o l a t i o n  i s  employed t o  
match the  r a t e s  of the  two streams. The ou tpu t s  of the d e t e c t o r  c o n s i s t  of 
one inphase and one quadra ture  da t a  channel,  which a r e  f i l t e r e d  t o  remove out- 
of-band no i se  before  they a r e  sen t  on t o  the  de tec tor /decoder  board. The 
s p e c i f i c a t i o n s  f o r  t h i s  f i n a l  da t a  f i l t e r  a r e  
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-3 dB a t  2.0 kHz. 
-30 dB a t  2.4 LBz. 
Linear  Phase Response 
The c o e f f i c i e n t s  and t h e i r  sca led  i n t e g e r  va lues  f o r  the  da t a  lowpass 
f i l t e r  a r e  l i s t e d  i n  t a b l e  4.5. The designed sampling frequency i s  12 kHz. 
The t e s t e d  sampling frequency i s  19.52 LBz, y ie ld ing  a sca l ing  f a c t o r  of 
(19.52/12) f o r  the  magnitude and phase frequency responses  of F igures  4.10 and 
4.11. 
4.2 Subca r r i e r  TCT Modulator 
I n  s e c t i o n  2 ,  the  s u b c a r r i e r  method of TCT was presented ,  and proved t o  
be s i m i l a r ,  i n  many r e spec t s ,  t o  t he  Manchester encoded TCT. The b a s i c  
d i f f e r e n c e  between the  two approaches i s  the  r a y  i n  which they c r e a t e  the  
s p e c t r a l  n u l l  a t  d.c. The STCT ver s ion  c r e a t e s  t h i s  n u l l  by simply modulating 
t h e  d a t a  onto a very  low frequency subca r r i e r .  The s i m i l a r i t i e s  between the  
two approaches c a r r y  through t o  t h e i r  hardware implementation. A hardware 
ve r s ion  of the  STCT modulator was a l s o  completed. It u t i l i z e s  the  same stand- 
a lone board and RF c i r c u i t r y  employed i n  the  MTCT modulator. I n  o rde r  t o  
change modulation methods, i t  i s  only  necessary t o  rep lace  the  two EPROM's 
used f o r  program memory with those conta in ing  the  s u b c a r r i e r  code. 
The TMS320 implementation of the  S T n  modulator, ou t l i ned  p rev ious ly  i n  
F igure  2.3,  i s  q u i t e  s i m i l a r  t o  the  MTCT ver s ion  descr ibed  previous ly .  The 
da ta  i s  input  a t  the  same r a t e ,  2.4 kbps, and i s  immediately s p l i t  i n t o  
sepa ra t e  inphase and quadra ture  channels.  The Manchester coding i s  rep laced  
he re  by a s impler  b i p o l a r  coding scheme, and the  code b i t s  a r e  then sen t  on a t  
a r a t e  of 1.2 kbps t o  the  pu l se  shaping sec t ion .  
The pu l se  shape used f o r  the  STCT modulator i s  the  same as t h a t  employed 
i n  the  MTCT modulator,  a ra ised-cosine waveform with a j3 of 0 . 5 ,  t runca ted  t o  
e i g h t  code b i t s .  The s u b c a r r i e r  vers ion ,  however, r ep resen t s  t h i s  waveform i n  
t h e  d i g i t a l  domain by e i g h t  samples per  b i t ,  i n s t ead  of the  fou r  which were 
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H ( O )  = H ( 4 0 )  
H ( 1 )  = H ( 3 9 )  
H ( 2 )  = H ( 3 8 )  
H ( 3 )  = H ( 3 7 )  
H ( 4 )  = H ( 3 6 )  
H ( 5 )  = H ( 3 5 )  
H ( 6 )  = H ( 3 4 )  
H ( 7 )  = H ( 3 3 )  
H ( 8 )  = H ( 3 2 )  
H ( 9 )  = H ( 3 1 )  
H ( 1 0 )  = H ( 3 0 )  
H ( 1 1 )  = H ( 2 9 )  
H ( 1 2 )  = H ( 2 8 )  
H ( 1 3 )  = H ( 2 7 )  
H ( 1 4 )  = H ( 2 6 )  
H ( 1 5 )  = H ( 2 5 )  
H ( 1 6 )  = H ( 2 4 )  
H ( 1 7 )  = H ( 2 3 )  
H ( 1 8 )  = H ( 2 2 )  
H ( 1 9 )  = H ( 2 1 )  
H ( 2 0 )  
Table 4.5 
Data Lowpass Filter Coefficients 
Actual Value 
-. 0 0 4 5 3  
- . 0 0 3 0 6  
. 0 1 3 1 5  
- . 0 0 0 0 9  
- . 0 0 5 3 5  
- . 0 1 0 9 9  
-. 0 0 1 0 4  
. 0 1 2 6 8  
. 0 1 4 6 0  
- . 0 0 3 1 5  
- . 0 2 2 9 6  
-. 0 1 8 6 6  
. 0 1 3 0 8  
. 0 3 9 6 0  
. 0 2 2 1 2  
- .03587 
- . 0 7 4 5 2  
- . 0 2 4 4 4  
. 1 2 2 1 6  
. 2 8 6 6 2  




1 0 8  
-1 
- 4 4  
-90 
-8 
1 0 4  
1 2 0  
-26 
-188 
- 1 5 3  
1 0 7  
3 2 4  




1 0 0 1  
2 3 4 8  
2 9 3 7  
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REF L E V E L  / D I V  MARKER 1 Q60.000Hz 
33. OOOdB 10. OOOdB M A G  <A/R> 10. 313dB 
AMPTD 11. OdBrn 
FIGURE 4 . 1 0  bIAGI.JITUDE RESPOKSE OF THE DATA LOWPASS F I L T E R  
1 3  B I T  C O E F F I C I E N T S ,  SMTPLING FREQUENCY = 1 9 . 5 2  kHz 
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REF LEVEL /DIV MARKER 1 146. OOOHz 
0. Odeg 45. 000deg PHASE <A/R> 93. 158deg 
FIGURE 4.11 PHASE RESPONSE OF THE DATA LOWPASS FILTER IN 
FIGURE 4.10 
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used e a r l i e r .  This  doubling of t he  number of samples per  b i t  i n s u r e s  t h a t  the 
output  of t he  pulse  shaping s e c t i o n  has a r a t e  of 9.6 ksamples pe r  second, the  
same r a t e  t he  output  waveform has i n  the  mCT implementation. 
The eye diagram produced by the  STCT pu l se  shaping s e c t i o n  i s  shown i n  
Figure 4.12(a).  Note, once more, t h a t  a t  the  sampling i n s t a n t s  t h e r e  i s  
n e g l i g i b l e  intersymbol in t e r f e rence .  The spectrum of t h i s  waveform i s  shown 
i n  the  fol lowing i l l u s t r a t i o n ,  Figure 4.12(b),  and i s  the  r equ i r ed  40 dBc a t  
1.8 LBz. 
The f i n a l  block of the  STCI' processor  i s  t h e  modulation sec t ion .  Here, 
t he  shaped even stream i s  m u l t i p l i e d  by a cosine term, the  odd stream by a 
s i n e  term, they a r e  summed and then  passed t o  the RF c i r c u i t r y .  The subcar- 
r i e r  frequency of these  s ine  and cosine terms was chosen t o  be 960 Hz because 
i t  i s  an i n t e g e r  submult iple  of the  da t a  r a t e  9.6 LHz. This  means t h a t  only 
t e n  sample va lues  of each s inusoid  need t o  be s to red  i n  order  t o  implement the  
modulator. The r e s u l t  of t h i s  modulation i s  then sen t  on t o  t he  D/A on the  Bp 
board. 
The spectrum produced by the STCT modulator i s  shown i n  F igure  4.13. The 
modulation has  produced a deep n u l l  a t  ze ro  frequency, where the  p i l o t  would 
be placed. This  n u l l  i s  deeper than t h a t  c r ea t ed  by the  MTCT modulator, a s  
expected. The n u l l  width could be increased  and t h e  bandwidth reduced t o  the  
s p e c i f i e d  3.6 LHz by simply changing the  pulse  shape t o  have a j3 value  of 0.4. 
5 .  CONCLUSIONS 
The two major goa ls  of t h i s  program were the design of an improved, a l l  
d i g i t a l ,  Manchester encoded based TCT modulator a s  we l l  a s  t he  i n v e s t i g a t i o n  
of a baseband I/Q demodulator and de tec to r .  It i s  be l ieved  t h a t  both of these 
goa l s  were achieved and, i n  add i t ion ,  a v i a b l e  a l t e r n a t i v e  t o  the  Manchester 
system, the  s u b c a r r i e r  technique, was der ived.  
7 9  
EYE DIAGRAM - 1.2 Kbps 
NRZ CODING, 8 SPMPLES PER BIT SHAPING, 
8 BIT DAC, BETA = . 5  
F I G U R E  4.12 (a) 
80 
PULSE SHAPED SPECTRUM - 1 . 2  Kbps 
NRZ CODING, 8 SAMPLES PER B I T  S H A P I N G ,  
8 B I T  DAC, BETA = .5  
F I G U R E  4.12 (b) 
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MODULATED PULSE SHAPED SPECTRUM - 1 . 2  Kbps 
NR2 CODING, 8 SAMPLES PER B I T  SHAPING8 
8 B I T  DAC8 BETA = .5  
FIGURE 4.13 
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Computer s imula t ion  and hardware implementation were employed t o  inves t i -  
g a t e  the  Manchester TCT modulator proposed by Davarian [21 which included a 
highpass  f i l t e r  t o  improve the  s p e c t r a l  n u l l  c r ea t ed  by the  Manchester source 
encoding. The r e s u l t s  ob ta ined  showed t h a t  the  s p e c t r a l  n u l l  a t  ze ro  f re -  
quency could be en larged  by the  f i l t e r i n g ,  however, the  removal of the  low 
f requency da t a  energy introduced i n t e r  symbol in t e r f e rence  of approximately 18% 
i n t o  t h e  t r ansmi t  d a t a  eye. This  was considered t o  be a s i g n i f i c a n t  disadvan- 
tage given the  amount of a d d i t i o n a l  f i l t e r i n g  t h a t  was r equ i r ed  i n  both the  
inphare and quadra ture  paths .  It i s  apparent t h a t  t h i s  technique i s  l e s s  than  
optimllm e s p e c i a l l y  s ince  no advantage was being der ived  from the  raised-cosine 
shaping i n  the  c r i t i c a l  a rea  of the  s p e c t r a l  nu l l .  
To ga in  the  advantage of t he  pulse-shaping and s imultaneously remove the 
need f o r  the  highpass  f i l t e r s ,  i t  was c l e a r  t h a t  a s u b c a r r i e r  modulation tech- 
nique should be explored. This  would permit  the  a r b i t a r y  l o c a t i o n  of t he  
upper and lower da t a  sidebands a t  a po in t  where they would be symmetrical 
around the  t r ansmi t  band cen te r .  This  would a l s o  al low f o r  equal sideband 
ro l l -o f f  without i ncu r r ing  an IS1  penal ty ,  by v i r t u e  of the  excess  bandwidth 
f r a c t i o n .  In t h i s  way the shape of the da t a  spectrum around ze ro  frequency 
can be e a s i l y  con t ro l l ed .  I n  add i t ion ,  the premodulation processing i s  s i m -  
p l i f i e d ,  a s  was shown i n  s e c t i o n  2.2.1. It has a l s o  been demonstrated t h a t ,  
us ing  the  STCI' p rocessor ,  it i s  now poss ib l e  t o  perform f u l l y  d i g i t a l  QPSK 
modulation wi th  a l l  the  a t t endan t  advantages,  such a s  improved c a r r i e r  
suppression,  p i l o t  i n s e r t i o n  and adjustment f r e e  operat ion.  The s a b c a r r i e r  
TCT modulator was s imulated and cons t ruc ted ,  and demonstrated supe r io r  per for -  
mance t o  t h a t  of the  MTCT counterpar t .  The use of the  s u b c a r r i e r ,  however, 
s l i g h t l y  compl i c a t e s  t he  demodulator arrangement over t h a t  of the  system 
bu t  t h i s  i s  n o t  considered t o  be a s e r ious  problem, a s  has  been borne out  by 
compu t e r  s imul a t  ion. 
Considerable  e f f o r t  was d i r e c t e d  towards the  design,  computer s imula t ion  
and implementation of a baseband T a  compatible demodulator. The s a l i e n t  
f e a t u r e s  of the  s e l e c t e d  conf igu ra t ion  a re :  a p i l o t  phase-recovery-only 
scheme, used t o  reduce implementation complexity; inband p i l o t  components i n  
t h e  I and Q da ta  pa ths ,  removed by a simple s u b t r a c t i o n  process;  mul t i - ra te  
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processing,  a l s o  f o r  reduced complexity; and a p rov i s ion  f o r  a long term AGC 
f unc t ion. 
Computer s imula t ion  of both the  Manchester and s u b c a r r i e r  demodulators, 
i n  conjunct ion  wi th  t h e i r  r e spec t ive  modulators,  revea led  no conceptual prob- 
lems, however, n e i t h e r  system was t e s t e d  wi th  e i t h e r  s imulated noise  o r  fad- 
ing. The r e s u l t s  of t he  software sirnulation d id  show t h a t  f o r  a 16 b i t  pro- 
ces so r  a r c h i t e c t u r e ,  the  demodulator processing should no t  s i g n i f i c a n t l y  
degrade the  o v e r a l l  system performance. This  was confirmed by pre l iminary  
r e s u l t s  of t he  real- t ime implementation. D i rec t  comparisons of d i g i t a l  f i l t e r  
frequency responses  between the  s imula t ion  and t h e  hardware ind ica t ed  l i t t l e  
d i f f e r e n c e  i n  both magnitude and phase. As a r e s u l t ,  the  inc rease  in compler- 
i t y  f o r  f l o a t i n g  p o i n t  a r i t h m e t i c  processing i s  not  considered an  acceptab le  
a l t e r n a t i v e .  The same reasoning a p p l i e s  t o  any d i s c r e t e  hardware approach. 
The TMS320 provides  s u f f i c i e n t  processing power and t h e  s h o r t e s t  c r i t i c a l  pa th  
time i n  system development. 
The a d d i t i o n a l  processing requi red  by the  subca r r i e r  demodulator, the  
remodulation and phase e s t ima t ion  p r o c e s ~ e s ,  do not  appear t o  impact t he  sys- 
tem performance and a r e  r e a d i l y  implementable i n  the  DSP chip ,  The simula- 
t i o n s  show t h a t  t he  s u b c a r r i e r  phase e s t ima t ion  loop acqu i re s  sychroniza t ion  
r a p i d l y ,  a s  would be expected from a f i r s t  o rder  loop, and, consequently,  
would have l i t t l e  impact on the  system throughput. 
Given t h e  RF channel a l l o c a t i o n  and eventua l  da t a  r a t e  of 4 . 8  kbps i n  5 
LHz, it  would appear t h a t  n e i t h e r  Manchester nor the  s u b c a r r i e r  techniques 
o f f e r  a v i a b l e  so lu t ion .  Even wi th  expected peformance ga in  of the  s u b c a r r i e r  
technique,  i t  i s  c l e a r  t h a t  t he  system i s  very  wasteful  i n  terms of bandwidth 
and as  a r e s u l t  r e q u i r e s  excess ive ly  l a rge  M-ary s i g n a l l i n g  schemes f o r  da t a  
t ransmission.  
A p o t e n t i a l  candida te  TCT scheme which approaches the  system bandwidth 
goa l s  i s  the  dua l -p i lo t  method proposed by General E l e c t r i c  [ 8 l ,  and subse- 
quent ly  analyzed by Simon [ 9 1 .  In t h i s  scheme, the  bandwidth requirements can 
be reduced by a f a c t o r  of two, however, t he re  i s  a power performance pena l ty  
incur red  due t o  t he  use of two p i l o t s .  This  pena l ty  may tend t o  u l t i m a t e l y  
84 
balance out t h e  performances of t he  s i n g l e  and dual  p i l o t  schemes. 
The dua l -p i lo t  scheme i s  s l i g h t l y  more complicated t h a t  e i t h e r  s i n g l e  
p i l o t  scheme but  i s  s t i l l  amenable t o  d i g i t a l  implementation using s i m i l a r  
techniques t o  those developed during t h i s  program. Consequently, t h i s  scheme 
would be a worthwhile sub jec t  f o r  f u t u r e  work i n  an  at tempt  t o  de r ive  the  
optimum TCT t r a n s c e i v e r  f o r  the  s a t e l l i t e  fading mobile communication l i n k .  
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0 1 4 7  OOIF 6 8 0 0  
0 1 4 9  0 0 2 1  6 9 o c  
0 1 5 s  0 0 2 7  6 9 o a  
o i s a  O O Z A  6 9 0 6  
S e g i n  3 1 - t a p  F I R  8PF 
W A E  PAGE 1s 
OF POOR QUALITY 
O n l y  1 5  m u l t i p l i e s  a r e  
n e e d e a  b e c a u s e  1 6  o f  
t h +  c o e f t i c i a n t s  a r e  
c o d e d  as  z a r o s m  
Z A C  





O H D V  
LTD 
HPY 
D H O V  
LTD 
M P Y  
DHOV 








on i l v  
L T  0 
M P Y  
D H O V  
LTD 
DMDU 
L T D  
















A C D  
wpy 
wpv 
s b c n  
2 2 9  
TAP30 
2 2 7  
TAP28 
2 2 6  
2 2 5  
TAP26 
2 2 1  
2 2 3  
T A P 2 4  
2 2 2  
2 2 1  
TbP22 
2 2 0  
2 1 9  
TAP20 
2 1 8  
2 1 7  
T A P l B  
2 1 6  
2 1 5  
T A P 1 6  
214 
2 1 3  
TdP14 
2 1 2  









2 5  
TAP6 
2 4  
23 
T A P 4  
:2 
2 1  
TAP2 
INPUT 
z 2 a  
O N i r l S  
8 P F l p O  
1 Add f o r  r o u n d o f f .  
P A G E  0 0 0 4  
0 1 7 1  
0 1 7 2  
0 1 7 3  0036 
0 1 7 4  0036  6983 
0 1 7 5  0037  F 4 0 0  
0038 0 0 4 3  
0 1 7 6  0 0 3 9  7 0 0 3  
0 1 7 7  O O 3 A  6965 
0 1 7 8  
0 1 7 3  0036  6 8 8 1  
0 1 8 0  003C F4G0 
0 0 3 0  0 0 1 3  
0 1 8 2  003F 6 3 3 F  
0 1 8 3  0 0 4 0  203E 
0 1 8 6  0 0 4 1  SO41 
0 1 8 5  0 0 4 2  6 3 4 6  
0 1 8 7  
0 1 8 3  
0 1 9 0  0 0 u 3  657E 
0 1 9 1  0 0 4 4  6 1 7 f  
0 1 9 3  0 0 4 6  7 F 8 3  
0 1 9 4  
0 1 9 5  
0 1 9 6  
0 1 9 7  
0 1 9 8  
0 1 9 3  
0 2 0 0  0047 2 0 4 6  
0 2 0 1  0 0 4 8  FFOO 
0 0 4 9  0 0 4 7  
0202  O O 4 A  2 0 4 8  
0 2 0 3  0 0 4 8  6742  
0 2 0 4  OOCC 7 D 3 €  
0 2 0 5  0040 0045  
0 2 0 6  O O G E  6 7 4 3  
0 2 0 7  OOCF 7 0 3 f  
0 2 0 8  0050  0045 
0 2 0 9  0 0 5 1  5 0 4 8  
0 2 1 0  
0 2 1 1  0052 7F89 
0 2 1 2  0353 5 0 4 6  
0 2 1 3  0 0 5 4  2 0 4 7  
0214 0 0 5 5  FFOO 
0 0 5 t  O O 5 E  
0 2 1 5  
0 2 1 6  0 0 5 7  4 6 4 7  
0 2 1 7  0 0 5 8  4 f 4 2  
0 2 1 8  0 0 5 9  4 E 4 1  
0 2 1 9  00511 4D43 
0 2 2 0  0 0 5 s  4C40 
0 2 2 1  005C F 9 0 0  
005C 0 3 6 0  
0 2 2 2  
o i a i  O O ~ E  7 1 0 4  
o l e 6  
0 1 8 8  
0 1 9 2  0 0 6 5  7 ~ a 2  
End o f  B P F  Coae  
LA2P 0 
B A N 2  R E T U R N  
L A R K  0 1 3  
O M O V  ON E 
LARP 1 
BAN2 RETURh 
LARK l e 4  
D M O V  ZPFZ 
LAC B P F l  
SACL PXLOTl  
DUOV OUTF LG 
R e s t o r e  A c c u m u l a t o r  f o r  
R e t u r n  f r o m  I n t e r r u p t  
1 S e t  OUTFLC. 
1 S e t  S N C F L G .  
R E T U K N  ZbLh I A C H  
A C O S  I A C L  
E I N T  
R E T  * * S t a r t  o f  N o n - I n t e r r u p t  Code f o r  * M o d i f k i n g  D e l a y  B u f f e r  P o i n t e r s  * a n d  T r a n s n i t t i n p  C a t a  t o  F a i n  
4 P r o c e s s i n s  B o a r d .  
8 
b A X T  LAC 
0 z  
LAC 
TBLR 
T B L Y  
ADD 
T B L R  
T8LW 
S A C L  
LAC 
SACL 
L A C  









a u i  
* 
OUTFLG 
Y A  IT 
3 T e s t  f o r  t i n o  t o  rand. 
DLYADX 
D a P F t  ? 
a P F l  ? Read i n  d e l a y e d  dat8  
Oh€ 1 and r e a d  o u t  p r a s a n t  
DePF2 1 f i l t e r  o u t p u t .  
BPFZ 1 




N O S Y  NC 
ShCFLG.3 
DEPFl .7  
PILCT1,6 
O B  PF2 , 5 
P I L O T 2 9 4  
HOLIPTR 
1 C l s r r  f l a g .  
1 p i l o t .  
T e s t  f o r  t i m e  t o  r e n d  
1 
1 3 u t c u t  p i l o t / d a t a  
1 s y n c ,  d a t a  C p i l o t  
1 s t r e a m s .  
1 
P A G E  0 0 0 5  
4223 O O S E  4FI2 
0 2 2 4  O O S F  4 3 4 3  
0 2 2 5  
0 2 2 6  0 0 6 0  zoea 
1 0 2 z a  0 0 6 2  F E O O  
I 3 0 6 3  0 0 4 7  
' 0 2 2 9  
0 2 3 1  006s  5 o c a  
1 0 2 2 7  0 0 6 1  l O 4 A  
0 2 3 0  OG66 2 0 4 3  
0 2 3 2  0 0 6 6  f 9 0 0  
0067  0 0 4 7  
0 2 3 3  
0 2 3 4  
0 2 3 5  
0 2 3 6  
0 2 3 7  0 0 6 8  1 ~ 8 1  
0 2 3 a  0 0 6 9  ~ E O O  
0 2 3 9  006A 4 0 0 0  
0 2 4 0  0 0 6 2  7 F e 6  
0261 O O b C  7 0 7 F  
0 2 4 2  006C 6 8 8 0  
0 2 4 3  O O 6 E  7 f 8 3  
0 2 4 5  0 0 7 0  F400 
0 0 7 1  006F 
0 2 4 6  0 0 7 2  7 E O l  
0 2 4 7  0073  5 0 4 5  
0 2 4 3  0 0 7 5  8 3 4 0  
0 2 5 0  0 0 7 6  7 f 8 E  
0 2 5 1  0 0 7 7  504A 
G252  0 0 1 0  8 2 0 3  
0 2 5 3  0 0 7 9  7 F 8 f  
0 2 5 4  O O 7 A  5 0 4 5  
0 2 5 5  
0 2 5 7  007C 7F8E 
0 2 5 8  0 0 1 0  700E 
0 2 5 9  0 0 7 E  7 l l F  
0260  007F 6381'  
0 2 6 1  00.90 67A0 
0 2 6 3  OOd2 F C O O  
0 0 8 3  O O l F  
0 2 6 4  
0 2 4 4  O O ~ F  s o a a  
0 2 4 8  0 0 1 4  ~ A C S  
0 2 5 6  O G ~ B  acoo 
0 2 6 2  o o a i  0 0 4 s  
0 2 6 5  o o a r  7 0 0 3  
0 2 6 6  o o a s  n o +  
0 2 6 8  o o a t  ~ F B Z  
0 0 8 8  0 0 4 7  
0 2 6 7  
0 2 6 9  0 0 8 1  f 9 0 0  
0 2 7 0  
0 2 7 1  
0 2 7 2  
0 2 7 3  
0 2 7 4  0 4 0 0  
N O S Y h C  OUT 0 e ~ ~ i . 7  
ou T DaPF2.5 
ro 
P O C P T R  LAC DLYAOX 
SUB F I F O N C  
B N Z  hA17 
L A C  DLYSEG 
SACL DLYAOX 
a Y h I T  
1 Wrap d e l a y  b u f f e r  
1 p o i n t e r  i f  needed. 
* 
ro Reset Code f o r  I n i t i a l i z a t i o n  * o f  C o n s t a n t s  and P o i n t e r s  
$ 
RESET O I N T  
LOPK 0 
I N  0.0  
SDVP 
L A R K  0 , > 7 F  
L A R P  0 
LAC 
C L R R b M  SACL * 
3ANZ CLRRAU 
1 Z e r o  i n t e r n a l  
1 ram- 
L A C K  
SACL 
L T  
M P Y K  
P A C  
S A C L  
P A C  
SACL 
M P Y K  
P A C  
L A R K  
L A R K  
LOAD L A R P  
~ P Y K  
* 
T e L u  
A00 
B A N Z  
>1 
OK E 
O N E  
DLYSIL  
F I F O N D  
B U F B E G  
DLYB€G 




* + . O  
O K €  
LOAD 
* 
L A R K  0 . 3  
L A R K  1 . 4  
E I N T  










1 Lord BPF 
1 c o e f f i c i e n t s -  
3 I n i t i a l i z e  
1 A R ' s -  
* * Filter C o e f f i c i e n t s  f o r  4 8 k H z  BPF * Cooed i n t o  1 6  b i t s -  
A O R G  > c o o  
P A G E  0 0 9 6  
0 2 7 5  
0 2 7 6  0400  FFDE 
0 4 0 1  FCF4 
0 4 0 2  O7CA 
0 4 0 3  Fa44 
0404 F 3 F l  
0 4 0 5  2 2 7 6  
0 4 0 6  B F 6 0  
Oc07 4 3 8 0  
0 4 0 9  2 2 7 6  
040A F 9 F 1  
OCOB F 8 4 4  
O 4 O C  07CA 
040C FCF9 
OIOE FfDi 
0 2 7 7  ocoa a ~ 6 0  
0 2 7 8  
0 2 7 9  
0 2 8 0  
0 2 8 1  
0 2 8 2  0 7 0 0  
0 2 8 3  
0 2 8 4  0 7 0 0  7EOl  
0 2 8 5  0 7 0 1  5 0 0 0  
0 2 8 6  0 7 0 2  6A00  
0 2 6 7  0 7 0 3  87FF 
0 2 8 9  0 7 0 5  670A 
0 2 9 0  0 7 0 6  7DOA 
0 2 9 1  0 7 0 7  1 0 0 0  
0 2 9 2  0 7 0 8  F O O O  
0709 0 7 0 5  
0 2 9 3  070A 8 0 6 8  
0 2 9 4  0 7 0 0  7 f 6 i  
0295 070C S O O A  
0 2 9 6  0 7 0 0  7 E 0 1  
0 2 9 7  070E 7OOA 
0298 07OF F 3 0 0  
0 7 1 0  0 0 5 3  
0 2 9 3  
0300 
0 2 8 a  0 7 0 4  7 ~ 8 ~  
* * B o o t  R o u t i n e  f o r  L o a d i n s  P r o g r a m  * M e m o r y  f r c n  E P R O M  t o  R A M  * 
I 
A O R G  > 7 0 0  
BOOT LACK >1 
' SACL > 3  
LT > O  
HPYK > 7 f  F 
PAC 
hOTDLN T8LR > A  
TBLbi > A  
SUB > O  
B G E Z  NOTGUh 
HPYK R E S E T  
PAC 
SACL > A  
LACK >1 
TBLbi > A  
8 R E S E T  
* 
E N D  
J O  E R R O R S ,  NO dARkINGS 
APPENDIX I1 
TMs320 MI'CT PREIODUATION PRXFSSING SOFIVAFE 
MODUL 3 2 0  
0 0 0 1  
0002  
0 0 0 3  0000  
0 0 0 4  
0005 0 0 0 0  F 9 0 0  
0 0 0 1  O2OE 
0 0 0 6  
0 0 0 7  
0 0 0 8  
0009 
0 0 1 0  
0 0 1 1  
0 0 1 2  
0 0 1 3  
0 0 1 4  
0 0 1 5  
0 0 1 6  
0017 
0 0 1 9  
0 0 2 0  
0 0 2 1  
0 0 2 2  0 0 1 0  
0 0 2 3  
0024 0 0 1 0  0 0 2 4  
0 0 2 s  0 0 1 1  005d 
0 0 2 6  0 0 1 2  004C 
0 0 2 7  0 0 1 3  O O O E  
0 0 2 3  0014  0013 
0 0 2 3  0 0 1 5  O O A O  
0030  0 0 1 6  0 1 6 0  
0 0 3 1  0 0 1 7  0106 
0 0 3 2  0 0 1 8  F E 6 1  
0 0 3 3  0 0 1 9  F A 2 1  
0 0 3 4  O O l A  F 7 7 6  
0 0 3 5  0 0 1 6  FAE9 
0 0 3 6  O O l C  0 7 6 0  
003d O O l E  3 0 8 F  
0039 O O l F  3E24 
0 0 4 0  0020  FFFF 
0 0 4 1  G O 2 1  8000  
0 0 4 2  0 0 2 2  O O O A  
0 0 4 3  0 0 2 3  0200  
0 0 4 4  
0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  
0 0 4 9  0 0 2 4  7F80 
0 0 5 0  0025 7 f 8 0  
0 0 5 1  0026  7 F 8 1  
0 0 5 2  0 0 2 7  7 F 8 3  
0053  0028 6 E O O  
0054  0029 7E13  
0 0 5 5  3OZA 6 7 0 0  
0 0 5 6  002B 7 t l l  
o o i a  
0037 ooio la74 
FAMILY M A C R O  ASSEHaLER 2 0 1  83.076 13:40:51 9 / 2 6 / 8 5  
PAGE 0 0 0 1  
XOT 'MODUL' * 
4 
A O R G  > O  
0 BOOT 
* 
4 P R O G R A M  TO IMPLEMENT TCT TRANSMIT BASEaAND PROCESSING, * T H I S  CONTAINS THE TWO PATHS NEEDED TO * IMPLEMENT THE ENTXRE SYSTEM, DATA I S  INPUT AS 0 OR 1, * I S  THEN MANCHESTER € N C O D E 3 ,  RAISED COSINE PULSE SHAPED# * AND F I N A L L Y  HIGH PASS FILTERED, NE ASSUME HERE THAT * DATA IS EEING RECEIVED I N T O  TRANSWXTTER AT 2 - 4  KBPS- 
4 THE DATA I S  S P L I T  XNTO ODD AND EV€N STREAM, AND THEN 
4 HANCHESTEa ENCODED, S O  THE RATE STAYS A T  2 m 4  KBPSo 
* CODE B ITS,  WITH 4 SAMPLES BEING OUTPUT FOR EACH CODE 
* AND A NEU INPUT I S  TAKEN ONCE EVERY FOUR OUTPUTS- * * INPUT COEFFICIENTS NEEDED FOR PULSE SHAPING, CLOCK, ETC- 
ror 
* 
c 1  DATA 3 6  4 PULSE SHAPING COEFFICIENT PC1) 
c z  DATA 9 1  * PC2) ALL PULSE SHAPING COEFFICIEN 
c 3  DATA 7 6  * PC3) ARE SCALED 8Y 1 6 3 8 4  
c 4  DATA 1 4  4 PC4) 
c s  DATA 1 9  8 PC5) 
C 6  DATA 1 7 3  8 P(6)  
c 7  DATA 3 6 3  4 PC7) 
C8 DATA 2 6 2  * P C B )  
c 9  DATA - 4 1 5  * P ( 9 )  
C l O  DATA - 1 5 0 3  * PC10) 
c 1 1  DATA - 2 1 8 6  * P C 1 1 )  
c 1 2  DATA - 1 3 0 3  4 PC12) 
C13 D A T A  1 8 9 3  * PC13) 
C l 4  D A T A  7028  * P C 1 4 )  
c 1 5  DATA 1 2 4 3 1  4 PC15) 
C 1 6  DATA 1 5 9 0 8  * PC16) 
C17 DATA -1 * HOLDS -1 FOR MANCHESTER CODING 
C18 DATA >do00 * B I A S  TERM F O R  INTERFACE TO BIPOLAR 
c19  DATA 1 0  * A I 6  B O A R 0  CLOCK PARAMETER 
c 2 0  DATA 5 1 2  * A I R  BOARD C L O C K  PARAMETER * * W R I T E  CONSTANTS TO DATA MEMORY * * * 
RESET NOP 
NOP 
D I N T  
S O V N  
LOPK 0 
LACK c 1  4 P C l )  
TaLR 0 
L A C K  c 2  8 PCZ) 
* RAISED casxNE PULSE SHAPING xs OONE U S I N G  L A S T  EIGHT 
B IT .  THE OUTPUT IS THEREFORE CLOCKING OUT AT 9 - 6  KPBS, 
A O R G  > 1 0  
noow 3 2 0  FAMILY M A C R O  A S S E M B L E R  2.1 93.076 13:40:51 9 / 2 6 / 8 5  
PAGE 0002 
0 0 5 7  002C 6 7 0 1  
~ 0 0 5 8  0020 7E12 
0 0 5 9  302E 6 7 0 2  
0 0 6 0  002F 7E13 
0 0 6 1  0 0 3 0  6703 
0 0 6 2  0 3 3 1  7 E l *  
0 0 6 3  0 0 3 2  6 7 0 4  
0 0 6 4  0 0 3 3  7S15 
0 0 6 5  0 0 3 4  6 7 0 5  
0 0 6 6  0035  7 E l b  
0 0 6 7  0 0 3 6  6 7 0 6  
0 0 6 8  0 0 3 7  7 E 1 7  
1 0 0 6 9  0038  6 7 0 7  
I 0 0 7 0  0 0 3 9  7E18 
I 0 0 7 1  003A 6 7 0 8  
1 0072 0038 7 f 1 9  
~ 0 0 7 3  003C 6 7 0 9  
0074 0 0 3 0  7 E l A  
~ 0 0 7 5  003E 670A 
0 0 7 7  0 0 4 0  6 7 0 3  
0078 0 0 4 1  7E1C 
0 0 7 9  0 0 4 2  670C 
0 0 0 0  0 0 4 3  7 E 1 0  
0 0 8 1  0044 6 7 0 0  
0 0 8 2  0 0 4 5  7E1E 
0083 0 0 4 6  670E 
0 0 8 4  0 0 4 7  7 E l F  
0 0 8 5  0 0 4 3  6 7 0 F  
0 0 8 6  0 0 4 9  6 E O l  
0 0 8 7  004A 7EZO 
0 0 8 9  004C 7 E 2 1  
0090  0 0 4 0  6 7 0 6  
0 0 9 1  304E 7E22 
0 0 9 3  0 0 5 0  7 E 2 3  
0 0 9 4  0 0 5 1  6703  
0 0 9 5  
0 0 9 6  0052  7EOO 
0 0 9 7  0 0 5 3  5 0 0 3  
0 0 9 8  0 0 5 4  SO04 
0 0 9 9  O O S S  F 9 0 0  
0 0 5 6  0 0 5 7  
0100  
0 1 0 1  
0102 
0 1 0 3  
0 1 0 5  
0 1 0 6  0 0 5 7  6 C 0 1  
0 1 0 7  0 0 5 8  2003 
0 1 0 8  0059  F F O O  
00SA 0062 
0 1 0 9  
0 1 1 0  
0 1 1 1  
0 0 7 6  O O ~ F  7 ~ i a  
o o m  0 0 4 8  6 7 0 5  
0092  O O ~ F  6 7 0 3  
o i a k  





L A C &  
T 3 L R  
L A C K  
T B L R  
L A C K  
L A C K  
T B L R  
L A C K  
TBLR 
LACK 
T B L R  
L A C K  
TSLR 
L A C K  
T B L R  
L A C K  
T B L R  
L A C K  
T3LR 
L A C K  
TBLR 
L A C K  
T 3 L R  
L3PK 
L A C K  
TSLR 
LACK 
T S L R  
L A C K  
T B L R  
L A C K  
T G L R  
L A C K  
S A C L  
SACL 




c 3  
2 
c 4  
3 








c 9  
8 
c 1 0  
9 
c 1 1  
1 0  
c 1 2  
11 
C13 
1 2  
C 1 4  
1 3  
c 1 s  
1 4  
C16 













M A N  
* * M A I N  C O D E  LOOP 
S MANCHESTER CODING * * CODE 000 BXT. 
S 
MAN L O P K  1 
L A C  3 
BZ Z E R O  
* 








* P C l O )  
* P C 1 1 )  
8 PC12) 
* PC13) 
8 P C l b )  
* PC15) 
* P<l6) 
8 -1  
* B I A S  
* CLOCK CONSTANT 
$ CLOCK CONSTANT 
SECTION 
SLOAD O D D  DATA B I T  INTO ACCUMULATOR 
SBRANCH T O  Z E R O  S E C T I i l N  I F  Z E R O  
-1,l 
MOOUL 3 2 0  
0 1 1 2  0058 2 0 0 5  
0 1 1 3  O O S C  6E00 
0 1 1 4  0050 5 0 7 0  
0 1 1 6  0 0 S E  7 E 0 1  
0 1 1 7  OOSF 6 E 0 1  
0 1 1 8  
0 1 1 9  0060 F 9 0 0  
0 0 6 1  0 0 6 7  
0 1 2 0  
0 1 2 1  
0 1 2 2  
0 1 2 3  0 0 6 2  7 E O l  
0 1 2 4  0 0 6 3  6E00 
0 1 2 5  0 0 6 4  5 0 7 0  
0 1 2 6  0 0 6 5  6 E O l  
0 1 2 7  0 0 6 6  2 0 0 5  
0 1 2 8  
0 1 2 9  0 0 6 7  SO00 
0 1 3 0  
0 1 3 1  
0 1 3 2  
0 1 3 3  
0 1 3 4  0 0 6 8  2 0 0 4  
0 1 3 5  0 0 6 9  FFOO 
006A 0 0 7 2  
0 1 3 6  
0 1 3 7  
0 1 3 8  
0 1 3 9  0060  2 0 0 5  
0 1 4 0  006C 6E00 
0 1 4 1  0060 5 0 7 8  
0 1 4 2  006E 6 t O l  
0 1 4 3  
0 1 4 4  0 0 6 F  7 E O l  
0 1 4 5  
0 1 4 6  0 0 7 0  F 3 0 0  
0071 0077  
0 1 4 7  
0 1 4 8  
0 1 4 9  
0 1 5 0  0 0 7 2  7EOI  
0 1 5 1  0 0 7 3  6 E 0 0  
0 1 5 3  0 0 7 5  6 E O l  
0 1 5 4  0 0 7 6  Z O O S  
0 1 5 5  
0 1 5 6  0 0 7 7  5 0 0 1  
0 1 5 7  
0 1 5 8  
0 1 6 0  0 0 7 9  5 0 0 7  
0161 
0 1 6 2  
0 1 6 3  
0 1 6 4  
0 1 6 5  
1 0 1 1 5  
0 1 5 2  0 0 7 4  5 0 7 a  
0 1 5 9  0 0 7 8  7 ~ 0 1  
FAMILY M A C R O  ASSEMBLER 2.1 83,076 l3 :40 :51  9 / 2 6 / 8 5  
PACE 0 0 0 3  
L A C  5 S L O A D  ACCUM, WITH -1  
LOPK 0 
S A C L  1 1 2  SSTORE F I R S T  MANCHESTER BIT,OCIB(N) I 
L A C K  1 8 L O A D  PCCUMO i l I T H  1, SECOND MANCHEST 
LDPK 1 
0 DONE 
8 HERE, I T  WILL aE R E A D Y  FOR PULSE SH 
* 
8 
8 HERE, A 0 BECOMES 1.01 
8 
Z E R O  L A C K  1 SLOAD ACCUHo U I T H  1 
L D P U  0 
S A C L  1 1 2  * S T O R E  OMB<N)  I N  1 1 2 9  WHERE IT WILL 
L O P K  1 S 6 E  USED IMMEDIATELY FOR PULSE SHAPI  
L A C  S S L O A D  ACCUM, WITH - 1 9  SECOND MANCHES * 
OONE S A C L  0 SSTORE S E C O N D  MAN, B I T ,  OMBCN+l) I N  * T H I S  WILL B E  USE0 I N  NEXT PULSE SHA * 
8 NObi CODE EVEN B I T  * 
L A C  4 SLOAD C A T A  B I T  INTO ACCUMULATOR 
B Z  Z E R O 1  SBRANCH TO ZERO SECTION I F  Z E R O  
* * HERE9A 1 B E C O M E S  - 1 ~ 1  * 
L A C  5 SLOAO ACCUM, WITH -1 
LDPK 0 * S T O R E  F I R S T  MANCHESTER BIT,EHB(N> I 
SACL 1 2 0  W H E R E  IT WILL a E   USE^ IMMEDIATELY F 
LOPK 1 SPULSE SHAPING, * 
* L A C K  1 8LOAD ACCUM, U I T H  1, SECOND MANCHEST 
8 D O N E 1  
8 * HERE, D A T A  B I T  0 B E C O M E S  1 9 - 1  
8 
Z E R O 1  L A C K  1 S L O A D  ACCUH, Y I T H  1 
L3PK 0 
S A C 1  1 i O  SSTORE E M 6 C N )  I N  1 2 0  FOR PULSE SHAPI 
LOPK 1 
LAC 5 *LOA0 ACCUM. U I T H  -1, SECOND MANCHES 
S 
DONE1 SACL 1 SSTORE SECOND MAN, B I T ,  EMB<N+l) I N  * THIS WXLL B E  S T O R E D  FOR ONE CYCLE.  * 
LACK 1 S I N I T I A L I Z E  MAN, BIT COUNTER CHCOUNT 
S A C L  7 SCOUNTER S T i l R E  I N  135. 
8 
8 F I N D  F I A S T  OF FOUR 3 0 0  OUTPUTS CORRESPONDING TO ONE HANCHE 
8 PULSE SHAPING IS D O N E  CHRONOLOGICALLY, T H E  L A S T  EIGHT 000 
S THE M O S T  RECENT, 
* OH@CN-7)  T C  OMBCN), A R E  S T O R E D  I N  D M A ' S  112 -1199  Y I T H  1 1 2  
HOOUL 320  FAMILY M A C R O  ASSEM3LER 2.1 83.076 13:40:51 9 / 2 6 / 8 5  
PAGE 0 0 0 4  
0 1 6 6  
0 1 6 7  
0 1 6 8  007A 6 E O O  
0 1 6 9  
0 1 7 0  0 0 7 8  7 F 8 9  
0 1 7 1  007C 6A77  
0 1 7 2  0 0 7 0  6 3 0 3  
0 1 7 3  
0 1 7 4  007E 6C76 
0 1 7 5  3 0 7 f  6 0 0 7  
0 1 7 6  
0 1 7 7  0 0 8 0  6C75 
0 1 7 3  
0 1 8 0  0 0 8 2  6C74 
0 1 8 2  
0 1 8 4  0 0 0 5  6DOC 
0 1 8 5  
0 1 8 6  0 0 8 6  6C72 
0 1 8 7  0 0 8 7  6 0 0 8  
0 1 8 8  
0 1 8 9  0 0 8 8  6C71  
0 1 9 0  0 0 8 9  6DO4 
0 1 9 1  
0 1 9 2  008A 6C10 
0 1 9 3  0 0 8 8  6 0 0 0  
0 1 9 4  008C 7F8F 
0 1 9 5  
0 1 9 6  0 0 8 0  5 0 1 0  
0 1 9 7  O O d E  7 0 0 7  
0 1 9 3  
0 1 9 9  0 0 8 f  713C 
0 2 0 0  
0 2 0 1  
0 2 0 2  0 0 9 0  6 8 8 1  
0203 
0 2 0 4  0 0 9 1  F900 
0 0 9 2  0 1 9 5  
0205  
0 2 0 6  
0 2 0 7  
0 2 0 8  
0 2 0 9  
0 2 1 0  0093 690C 
0 2 1 2  0095 630A 
0 2 1 3  
0 2 1 4  0 0 9 6  6EOO 
0 2 1 5  0037  7F83  
0 2 1 6  0 0 9 8  6A7F 
0 2 1 7  0099 6003 
0 2 1 8  
0 2 1 9  003A 6 C 7 E  
0 2 2 0  0 0 9 8  6 0 0 7  
0 2 2 1  
o i 7 a  0 0 8 1  6 ~ 0 a  
~ 1 8 1  0 0 8 3  ~ O O F  
0183 0 0 8 4  6 c 7 3  
0 2 1 1  0 0 9 4  6 9 o a  
* * 
M A I N 1  L O P K  0 * 
Z A C  
L T  1 1 9  
M PY 3 * OHa<N-7)*P<C) 
LTA 1 1 8  
MPY 7 * + tlMB<N-6)*PC8) 
L T A  1 1 7  
M P Y  11 * + OMBCk-S)SP<12) 
LTA 1 1 6  
MPY 1 5  * + OHB<N-4)*P<16) 
L T A  1 1 5  
MPY 1 2  * + ONBCh-3)*PCl3) 
L T A  1 1 4  
MPY 8 9: + OMBCN-2)SP<9) 
LTA 1 1 3  
MPY 4 * + OMB<N-l)SP<S) 
LTA 1 1 2  










S A C L  1 6  * S T C R E  RESULT, ORCCH), I N  DMA 1 6  
LARK 017 3 S T O X E  FLAG I N  AUXO, T O  KEEP T R A C K  * OUTPUT WE'RE 3Nm 
L A R K  1 . 6 0  * I N I T I A L I Z E  POINTER AUXl  T O  OLDEST * I N  ODD F I L T E R  BUFFER FOR HI PASS F * WHICH I S  T H E  NEXT STEP, 
* LARP 1 * AUXl  POINTER PUT I N  USE NOU. 
B FILTER * B R A N C H  T O  HIGH PASS F I L T E R  SECTION 
* * h O W  00 F I R S T  E V E N  B I T ,  S A M E  PULSE SHAPING A S  DONE F O R  * PREVIOUS O C O  B I T ,  MANCHESTER B I T  SUFFER IS I N  DNA's * 120-127 ,  U I T H  1 2 0  H O L D I N G  MOST RECENT B I T -  * 
S E V E h  O H O V  1 2  * M O V E  O D D  OUTPUTS THROUGH DELAY BUFF 
D M O V  11 * THIS B U F F ~ R  O E L A Y S  ooo OUTPUT a r  
D M O V  1 0  * T W O  CLOCK CYCLES- * NOP 
L O P K  0 
Z A C  
L T  1 2 7  
n p y  3 * E Y ~ C N - ~ S P C ~ )  * 
LTA 1 2 6  
MPY 7 8 + EMBCN-6)SPCB) * 
HOOUL 3 2 0  FAMILY 
0 2 2 2  009C 6C70 
0 2 2 3  009D 6 0 0 0  
0 2 2 5  009E 6C7C 
0 2 2 6  003F 6 3 0 F  I O t Z 4  l 0 2 2 7  
0 2 2 8  O O A O  6 c t a  
0 2 2 9  O O A l  6DOC 
0 2 3 0  
0 2 3 1  00A2 6C7A 
0 2 3 2  O O A 3  6 3 0 8  
0 2 3 3  
0 2 3 4  OOA4 61373 
0 2 3 5  O O A S  6 0 0 4  
0 2 3 6  
0 2 3 7  00A6 6C78 
0 2 3 8  OOA7 6 0 0 0  
0 2 3 3  00A8 7F8F 
0240 
0 2 4 1  00A9 5 0 3 0  
0 2 4 2  O O A A  7006 
0 2 4 3  O O A B  7 1 6 9  
0 2 4 5  
0 2 4 6  O O A D  F 9 0 0  
O O A E  0 1 9 5  
0 2 4 7  
0 2 4 9  
0 2 5 0  O O A F  F600 
0 0 8 0  0 0 8 3  
0 2 5 1  003A F900 
0 2 5 2  
0 2 5 4  3 0 8 4  490A 
0 2 5 5  
0256 0035 6 E O O  
0 2 5 7  0 0 8 6  7 f 8 9  
0 2 5 9  0088  6 0 0 2  
0 2 6 0  
0 2 6 2  003A 6 3 0 6  
0 2 6 3  
0265 OOBC 600A 
0 2 6 6  
0 2 6 7  OOBD 6C74 
0 2 6 8  O O B E  600E 
0 2 6 9  
0270 OOaF 6C73 
0 2 7 1  O O C O  6DOD 
0 2 7 2  
0 2 7 3  O O C l  6C72 
0 2 7 4  OOC2 6 3 0 9  
0 2 7 5  
0 2 4 4  O O A C  6 8 8 1  
0 2 4 a  
0 0 a 2  ooAF 
0 2 5 3  0 0 3 3  G A O D  
0 x 8  00a7  6 ~ 7 7  
0 2 6 1  o o a s  6 c 7 6  
0 2 6 4  o o a e  61375 
M A C R O  ASSEM6LER 2 - 1  83.076 13:40:51 9 / 2 6 / 8 5  
P A G E  0 0 0 5  
L T A  1 2 5  
HPY 11 S + EHB<N-S)*PC12) 
. 8  
L T A  1 2 4  
HPY 1 5  * + EHBCN-4)SP<16) * 
4 
L T A  1 2 3  
M P Y  1 2  t + EMB(N-3)*P<l3)  
L T A  1 2 2  
HPY 8 * + EMBCN-ZlSPC9) 
LTA 1 2 1  
M P Y  4 + E M B C N - ~ ) * P < S )  
L T A  1 2 0  
MPY 0 t + € t46<N)*P< l )  
A P A C  
S 
S A C L  6 1  $ S T O R E  RESULT, ERCCN) I N  6 1  
L A R K  0 9 6  SSET FLAG AUXO TO M A R K  OUTPUT YE'RE 
L A R K  1 , 1 0 5  * S E T  POINTER T O  LAST E N T R Y  I N  F I L T E R  
L A R P  1 *CHOOSE POINTER- 
4 
B FXLTER $BRANCH TO H I  P A S S  FILTER SECTXON, 
4r * 
4 
S I X  
* 
LOOP2 
SECON3 OUTPUT O F  FOUR, ( O D D )  
8x02 LOOP2 t h A I T  U N T I L  R E A D Y  FOR OUTPUT 
B S I X  
S3UTPUT D E L A Y E D  03D SAMPLE TO PORT 2 OUT 1 3 9 2  
SOUTPUT E V E N  SAMPLE TO PORT 3 -  OUT 10.3 * 
L O P K  0 
Z A C  
L T  1 1 9  
M P  Y 2 le OMBCN-I)SP<3) 
f 
LTA 1 1 8  
M P Y  6 le + OYB<k-6>*PC7) 
t 
LTA 1 1 7  
M P  Y 1 0  8 + o n e c N - s ) * P c i i )  
L T A  1 1 6  
M P Y  1 4  4 + OHBCk-4)8PClS) 
8 
L T A  1 1 5  
HPY 1 3  roI + OMBCN-3)tP<14) * 
L T A  1 1 4  
M P Y  9 * + OMBCN-2)~PClO)  
MOOUL 3 2 0  FAMILY M A C R C  ASSEHaLER 2.1 8 3 - 0 7 6  i 3 : 4 0 : 5 i  9 / 2 6 / a s  
P A G E  0 0 0 6  
0 2 7 6  OOC3 6 C 7 1  
0 2 7 7  OOC4 6005 
0 2 7 8  
0 2 7 3  OOC5 6C73 
0 2 8 0  O O C S  6 0 0 1  
0 2 8 1  O O C 7  7 F 8 f  
0 2 8 2  
0283 ooca  5 0 1 0  
0 2 8 4  a o c g  7 0 0 s  
0 2 8 5  O O C A  713C 
0 2 8 6  OOC8 6 8 8 1  
0 2 8 7  
0 2 8 d  OOCC F 9 0 0  
C O C G  0 1 9 5  
0 2 8 3  
0 2 9 0  
0 2 9 1  
0 2 9 2  O O C E  690C 
0 2 9 3  OOCF 6 3 0 8  
0 2 9 4  0000 690A 
0 2 9 5  0 0 0 1  6E00 
0 2 9 6  0002 7 F 8 9  
0 2 9 8  0 0 0 4  6DOZ 
0 2 9 9  
0 3 0 0  0005 6 C 7 f  
0 3 0 1  0006 6 0 0 6  
0 3 0 2  
0 3 0 3  0 0 0 7  6C70 
0 3 0 4  0008 600A 
0305  
0 3 0 6  0 0 0 9  6C7C 
0 3 0 7  O O O A  630E 
0 3 0 8  
0309 0006 6C73 
0 3 1 0  O O O C  6DOD 
0 3 1 1  
0312 O O O D  6 C 7 A  
0 3 1 3  OOOE 6 0 0 9  
0 3 1 4  
0 3 1 5  OOOF 6C79 
0 3 1 6  O O E O  6 0 0 5  
0 3 1 7  
0 3 1 8  O O E l  6C7d 
0 3 1 9  OOE2 6 0 0 1  
0 3 2 0  0 0 E 3  7F8F 
0 3 2 1  
0 3 2 2  OOEC 5 0 3 9  
0 3 2 3  OOES 7 0 0 4  
0 3 2 4  00E6 7 1 6 9  
0 3 2 5  OOE7 6 8 8 1  
0 3 2 6  
0 3 2 7  O O E 8  F 3 0 0  
00E9 0 1 9 5  
0 3 2 8  
0 3 2 9  
0 3 3 0  
0 2 9 7  0 0 0 3  ~AIF 
L T A  1 1 3  
n u  5 t + OHBCN-l)SPCS) 
L T A  1 1 2  
HPY 1 14 + OMBCN)*P<Z) 
A P A C  
S A C 1  1 6  * S T O R E  RESULT O R C C M )  I N  O M A  1 6  
L A R K  1 9 6 0  8 S E T  POINTER TO LAST SPOT I N  F I L T E R  
LARP 1 S C H J O S E  POINTER. 
* 
* 
L A R K  0 9 5  S S E T  FLAG TO HARK OUTPUT- 
* 
8 FILTER 8 BRANCH TO H I G H  P A S S  FILTER. 
8 * SECONO OUTPUT - E V E N  B I T  
S 
F I V E  DHOV 1 2  S S H I F T  000 OUTPUTS THRU DELAY BUFFER 
onov 11 
O H O V  1 0  
LOPK 0 
ZAC 
LT 1 2 7  
MPY 2 * EMBCN-7)8PC3) 
L T A  1 2 6  
PlPY 6 + EMBCN-6)SPCI) 
LTA 1 2 5  
nPY 1 0  * + E H B < N - S ) * P C l l )  
L T A  1 2 4  
HPY 1 6  8 + EH6<N-C)SPC15) 
L T A  1 2 3  
n p y  1 3  * + EHBCN-3)8P<14) 
L T A  122 
MPY 9 * + EHB<N-2 )8P< lO)  
L T A  1 2 1  
MPY 5 S + Ef4SCN-l)SPC5) 
L T A  1 2 0  
n p y  1 * + ENBCN)*PCZ) 
APAC 
S A C 1  6 1  *STCIRE EVEN PULSE S A M P L E  f N  DNA 6 1  
L A R K  0 9 4  * S E T  FLAG S O  WE KNOW YHERE UE A R E  I N  









L A R K  1,105 8 S E T  P O I N T E R  T O  L A S T  VALUES I N  F I L T E  
8 
B F I L T E R  8 a R A N C H  T O  ti1 P A S S  F I L T E R -  
* * * THIRD OUTPUT OF FauR O D D  O U T P U T S  
FAMILY M A C R O  ASSEM3LER 2 - 1  33m076 1 3 : 4 0 : 5 i  9 / 2 6 / a s  
P A G E  0 0 0 7  
HODUL 320 
0 3 3 1  
0 3 3 2  O O E A  F 6 0 0  
O O E B  OOEE 
0 3 3 3  OOEC F 9 0 0  
OOED O O E A  ' 0 3 3 4  ' 0 3 3 5  OOEE 4AOD 
0 3 3 6  OOEF 4 B O A  
0 3 3 7  
0 3 3 8  OOFO 6E00 
0 3 3 9  OOFl 7 F 8 9  
0 3 4 0  O O F 2  6A77 
0 3 4 1  OOF3 6 0 0 1  
0 3 4 2  
0 3 4 3  OOF4 61376 
0 3 4 4  OOFS 6005 
0 3 4 5  
0 3 4 6  OOF6 6C75 
0 3 4 7  OOF7 6 0 0 9  
0 348 
0 3 4 9  OQF8 6 f 7 4  
0 3 5 0  OOF9 6DOD 
0 3 5 1  
0 3 5 2  OOFA 6C73 
0 3 5 3  OOFB 6 D O E  
0354 
0 3 5 5  OOFC 6C72 
0356 OOFD 6DOA 
0 3 5 7  
0 3 5 9  OOFF 6D06 
0360 
0361 0 1 0 0  6C70 
0 3 6 2  0 1 0 1  6 0 0 2  
0 3 6 3  0 1 0 2  7 f 8 F  
0 3 6 4  
0 3 6 5  0 1 0 3  5 0 1 0  
0366 0 1 0 4  7003 
0 3 6 7  0 1 0 5  713C 
0 3 6 8  0 1 0 6  6 8 8 1  
0 3 6 9  
0 3 7 0  0 1 0 7  F 9 0 0  
0 1 0 8  0195 
0 3 7 1  
0 3 7 2  
0 3 7 3  
0 3 7 4  0 1 0 9  690C 
0 3 7 6  0 1 0 0  630A 
0 3 7 7  O l O C  6E00 
0 3 7 8  0 1 0 0  7F8Y 
0 3 7 9  O l O E  6A7F 
0 3 8 0  OlOF 6 0 0 1  
0 3 8 1  
0 3 8 2  0 1 1 0  6C7E 
0 3 8 3  0 1 1 1  6 0 0 5  
0 3 8 4  
0 3 5 3  O O F E  6 c 7 i  
0 3 7 5  O ~ O A  6 9 0 3  
S 
FOUR B I O L   LOOP^ * W A I T  U N T I L  R E A D Y  FOR OUTPUT 
B FOUR 
* 
LOOP3 rOIOUTPUT D E L A Y E D  O D 0  S A M P L E  TO P O R T  2 
SOUTPUT EVEN SAMPLE TO P O R T  3. 
0 UT 
OUT 
1 3 9 2  
1 0 9 3  * 
L D P K  
Z A C  
L T  
M P Y  
0 










1 1 8  
5 
L T A  
HPY 
1 1 7  
9 
L T A  
M P Y  
116 
1 3  * + OYB<N-4)*P<14) 
LTA 
HPY 
1 1 5  
1 4  
L T A  
M P Y  
1 1 4  
1 0  
LTA 
HPY 
1 1 3  
6 
L T A  
M P Y  
A P A C  
1 1 2  
2 
* 
S A C L  
L A R K  
LARK 
L A R P  
* S T O R E  RESULT O R C C H )  IN m a  1 6  
*SET F L A G  TO M A R K  W H E R E  U E  A R E  I N  PU 
* :SET POINTER T O  L A S T  VALUE I N  F I L T E R  
*SELECT P O I N T E R .  * * @RANCH T O  HIGH P A S S  F I L T E R  F I L f € R  
* 
t T H I R D  OUTPUT OUT OF 
8 
THIRD O H O V  1 2  
O M O V  11 
O H O V  1 0  
L3PK 0 
L A C  
L T  127 





FOUR E V E N  OUTPUTS 
S S H I F T  O D D  OUTPUTS THRU D E L A Y  BUFFER 
MODUL 3 2 0  
0385 0 1 1 2  6C7D 
0 3 8 6  0 1 1 3  6 3 0 3  
0 3 8 7  
0 3 8 8  0 1 1 4  6C7C 
0 3 9 0  
0 3 8 9  o i l s  ~ D O D  
0 3 9 1  0 1 1 6  6 c 7 a  
0 3 9 2  0117  DOE 
0 3 9 s  0 1 1 9  ~ D O A  
0 3 9 3  
0 3 9 4  0 1 1 8  6C7A 
0 3 9 6  
0 3 9 7  O l l A  6C73 
0 3 9 8  0110 6 0 0 6  
0 3 9 9  
0 4 0 0  O l l C  6C7d 
0 4 0 2  0 1 l E  7F8F  
0 4 0 3  
0405 0 1 2 0  7 0 0 2  
0 4 0 6  0 1 2 1  7 1 6 3  
0407 0 1 2 2  6 8 8 1  
0 4 0 8  
0 4 0 3  0 1 2 3  F 3 0 0  
0 1 2 4  0195 
0 4 1 0  
0 4 1 1  
0 4 1 2  
0 4 1 3  
0 4 1 4  0125  F 6 0 0  
0 1 2 6  0 1 2 9  
0 4 1 5  0 1 2 7  F3OO 
0 1 2 8  0 1 2 5  
0 4 1 6  
0 4 1 7  0 1 2 9  4 A O D  
0 4 1 8  O l Z A  4 d O A  
0 4 1 9  
0020  012B 6E00 
0 4 2 1  O l2C 7 F 8 9  
0 4 2 2  OlZD 6A77 
0 4 2 3  O l Z E  6 0 0 0  
0 4 2 1  
0 4 2 5  O l 2 F  61376 
0 4 2 6  0 1 3 0  6 0 0 4  
0 4 2 7  
0 4 2 8  0 1 3 1  6C75 
0 4 3 0  
0 4 3 1  0 1 3 3  6C7.i 
0 4 3 2  0134 6ilOC 
0 4 3 3  
0 4 3 4  0135  6C73 
0 4 3 6  
0 4 3 7  0 1 3 7  6C72 
0 4 3 8  0 1 3 8  6 0 0 d  
0 4 0 1  0 1 1 0  6002 
0 4 0 4  OUF 5 0 x 1  
0 4 2 9  0 1 3 2  6 3 0 8  
0 4 3 5  0 1 3 6  ~ D O F  
FAMILY M A C R O  ASSEHaLER 2 - 1  83.016 13:40:51 9 / 2 6 / 8 5  
P A G E  0008  
LTA 1 2 5  
MPY 9 * + € M B < N - S ) * P < l O )  * 
LTA 1 2 4  
HPY 1 3  0: + EMe<N-4)*P<14) * 
LTA 1 2 3  
HPY 1 4  S + €MB<N-3)8P<lS)  
8 
LTA 1 2 2  
HPY 1 0  * + E M B ( N - 2 ) 8 P < l l )  * 
L T A  1 2 1  
HPY 6 * + EMB<N- l )SP<7)  
8 
CTA 1 2 0  
ner 2 * + EHBCN)*P<3) 
A P A C  * 
S A C L  6 1  *STORE EVEN PULSE SAMPLE I N  6 1  
L A R K  0 * 2  SSET FLAG T O  HARK WHERE WE A R E  I N  PU 
L A R K  1.10s * S E T  POINTER TO L A S T  VALUE I N  F I L T E R  
L A R P  1 SSELECT POINTER- 
a F ILTZR *BRANCH TO HI P A S S  F I L T E R  SECTION- 
8 * 
8 * 
T W O  
* 
L O O P 4  
FOURTH ODD 3UTPUT OF FOUR- 
B I C L  LOOP4 * W A I T  U N T I L  R E A D Y  FOR OUTPUT 
B Two 
OUT 13.2 *OUTPUT D E L A Y E D  ODD S A M P L E  TO PORT 2 
OUT 1 0 1 3  *OUTPUT EVEN SAMPLE TO PORT 3 -  * 
LOPK 0 
Z A C  
LT 1 1 9  
HPY 0 * OHa(N-7)8P<1) * 
LTA 1 1 8  
HPY 4 * + OHBCN-6)*P<S) 
LTA 117 
HPY 8 * + OblB<N-S)*P<9) * 
LTA 1 1 6  
MPY 1 2  * + OMB<N-4)*P<l3)  
LTA 1 1 5  
n p r  1 5  It + OMB<N-3)*P<l6)  * 
LTA 1 1 4  
HPY 11 8 + OHE<N-2)*P<12) 
MOOUL 3 2 0  
0 4 3 9  
0 4 4 0  0 1 3 9  6C71 
' 0 4 4 1  013A 6 0 0 7  
0 4 4 2  
0 4 4 3  0 1 3 0  6C70 
0 4 4 4  013C 6 0 0 3  
0 4 4 6  
0 4 4 7  313E 5 0 1 0  
0 4 4 8  013F 7 0 0 1  
0 4 4 3  0 1 4 0  713C 
0 4 5 0  0 1 4 1  6 8 8 1  
0 4 5 1  
0 4 5 2  0 1 4 2  F 3 0 0  
0 1 4 3  0195 
0 4 5 3  
0 4 5 4  
0 4 5 5  
0 4 5 6  0 1 4 4  690C 
0 4 5 8  0 1 4 6  690A 
0 4 5 3  0 1 4 7  6E00 
0 4 6 0  0148 7 F 8 3  
0 4 6 1  0 1 4 9  6A7F 
0 4 6 2  O14A 6000  
0 4 6 3  
0 4 6 4  0 1 4 6  6C7E 
0 4 6 5  Ol4C 6 0 0 4  
0 4 6 6  
0 4 6 7  O l 4 D  6C70 
0 4 6 9  
0 4 7 0  Ol4F 6C7C 
0 4 7 1  0 1 5 0  630C 
0472  
0 4 7 4  0 1 5 2  6DOF 
0 4 7 5  
0 4 7 6  0 1 5 3  6C7A 
0 4 7 7  0 1 5 4  6DOd 
0 4 4 s  0 1 3 0  7 ~ a ~  
0 4 5 7  0145 6 9 0 3  
0 4 6 3  0 1 4 ~  6 0 0 8  
0 4 7 3  0 1 5 1  6c7a 
0 4 7 s  
a 4 7 9  015s 6 c 7 9  
0 4 8 2  0 1 5 7  6 c 7 a  
0 4 8 0  0 1 5 6  6 0 0 7  
0481 
0 4 8 3  0158 6D03 
0 3 8 4  0 1 5 9  7 f 8 F  
0 4 8 5  
0 4 8 6  O l S A  5030 
0 4 8 7  0150 7000  
0 4 8 8  O l S C  7 1 6 3  
0489 0150 6 8 8 1  
0 4 5 0  
0 4 9 1  O l S E  F903 
01SF 0 1 9 5  
0 4 9 2  
FAMILY M A C R O  ASSEHSLER 
S 
L T A  
HPY 
LTA 
M P Y  
A P A C  
S A C L  
L A R K  
L A R K  








1 1 2  
3 
1 6  




2 - 1  83.076 13:40:51 9 / 2 6 / 8 5  
P A G E  0 0 0 9  
9 S T O R E  RESULT O R C C H )  I N  D M A  16  
* S E T  FLAG T O  M A R K  WHERE WE A R E  IN PU 
* S E T  POINTER T O  L A S T  VALUE I N  F I L T E R  
* S E L E C T  P O I N T E R ,  
S BRANCH TO HIGH P A S S  F I L T E R -  












D M O V  
O M O V  
O M O V  
L O P K  
Z A C  




L T A  
MPY 
LTA 
M P Y  
L T A  
MPY 
L T A  
HPY 




A P A C  
SACL 
L A R K  
LARK 
L A R P  
6 
1 2  
11 
1 0  
0 
1 2 7  
0 
1 2 6  
4 
1 2 5  
0 
1 2 4  
12 
1 2 3  
1 5  
1 2 2  
11 
1 2 1  
7 
1 2 0  
3 
61 
0 , o  
1 ,105  
1 
FILTER 
* S H I F T  O D 0  OUTPUTS THRU D E L A Y  BUFFER 
* + EMBCN-6)SPCS) 
* + EHBCN-bISPC13) 
* + EYB<N-3)SP<6) 
S S T O R E  E V E N  S A M P L E  E R C < N )  I N  DMA 6 1  
S S E T  POINTER TO L A S T  VALUE I N  F I L T E R  
*SELECT POINTER, 
*BRANCH TO HI P A S S  FILTER, 
S S E T  FLAG i n  M A R K  W E R E  W E  A R E  IN PU 
0 4 9 3  4 
no OUL 320 FAMILY M A C R O  ASSEHSLE2 2 0 1  83,076 i 3 : c o : s i  9 / 2 6 / a s  
PAGE 0 0 1 0  
0 4 9 4  
0 6 9 5  
' 0 4 9 6  0 1 6 0  6E00 ' 0 4 9 7  0 1 6 1  6 3 7 6  
0 4 9 9  0 1 6 3  6 9 7 4  
0 5 0 0  0 1 6 6  6 9 7 3  
0 5 0 1  0 1 6 5  6 9 7 2  
0 5 0 2  0 1 6 6  6 9 7 1  
0 5 0 3  0 1 6 7  6 9 7 0  
0 5 0 4  0 1 6 8  697E 
OS05 0 1 6 9  6 3 7 0  
0 5 0 6  O l 6 A  697C 
0 5 0 8  016C 697A 
0 5 0 9  0 1 6 0  6 9 7 9  
0 5 1 0  016E 6 9 7 8  
0 5 1 1  
0 5 1 2  
0 5 1 3  
0 5 1 4  
0 5 1 5  
0 5 1 6  
OS17 0 1 6 F  6 E O l  
OS18 0 1 7 0  2 0 0 7  
0 5 1 9  0 1 7 1  0005 
0 5 2 0  0 1 7 2  5007 
0 5 2 1  
OS22 
0 5 2 3  
0 524  
OS25 0 1 7 3  FFOO 
0 1 7 4  0 1 8 1  
0 5 2 6  
0 5 2 7  
OS28 
0 5 2 9  0 1 7 5  F 6 0 0  
0176 0 1 7 3  
0 5 3 0  0 1 7 7  F 9 0 0  
0 1 7 8  0 1 7 5  
0 5 3 1  
0532 0 1 7 9  4A03  
0 5 3 3  O l 7 A  4aOA 
O S 3 4  
0 5 3 5  0 1 7 8  4 1 0 4  
0 5 3 6  Ol7C 7 E 0 1  
0 5 3 7  0 1 7 0  7 9 0 4  
0 5 3 8  O l t E  SO04 
0 5 3 9  
0 5 4 0  O l 7 F  F 9 0 0  
0 1 8 0  0 0 5 7  
0 5 4 1  
0 5 4 2  
0 5 4 3  
0 5 4 4  
0 5 4 5  
0 5 4 6  0 1 8 1  2 0 0 0  
o 4 9 a  0162 6 9 7 5  
o s 0 7  0 1 6 8  6 9 7 8  
* NOM, M O V E  INPUT BUFFER T O  PREPARE FOR NEXT INCOMING MAN, B * 
PREP LDPK 0 
O H O V  1 1 8  f HOVE F I R S T  SEVEN VALUES OF MANCHES 
onnv 1 1 7  * B I T  BUFFERS UP ON€ M E M O R Y  LOCATION 
DHOV 1 1 6  * MAKE R O O M  FOR HOST RECENT CODE B I T  
DHOV 1 1 5  * FOR NEXT PULSE SHAPING SEilUENCE. 
D M O V  1 1 4  
DMOW 1 1 3  
DHOV 1 1 2  
O M O V  1 2 6  
DHOV 12s 
Dnov 1 2 4  
o n o v  1 2 3  
DHOV 1 2 2  
O M O V  1 2 1  
onov 1 2 0  * * 
8 WE A R E  R E A D Y  FOR NEXT ITERATION OF FOUR OUTPUTS CORRESPON 
f T O  NEXT MANCHESTER B IT ,  CHECK COUNTER TO S E E  IF U E  NEEO N * DATA 8 1 1 0  * 
LDPK 1 
L A C  7 * C H E C K  HCOUNTo A D O  -1 TO COUNTER- 
ADD 5 * S T O R E  RESULT A S  HCDUNT 
S A C L  7 * 
rg: XF kE  H A V i  LOOPED ONCE, UE NEED TO LOAD SECOND MAN. B I T .  * I F  U €  HAVE LOOPED T W I C E ,  WE NEED TO INPUT A NEU D A T A  B I T .  * 
BZ L O A D  SXF HCOUNT I S  NOW Z E R O ,  WE H A V E  M O S T  
* RECENT MAN. B I T S  A L R E A D Y ,  * S O  S K I P  FOLLOWING INPUT SEaUENCE * 
WAIT5 8 1 0 Z  L O C P S  8 WAIT FOR CLOCK 
8 WAIT5 
* 
LOOP5 OUT 13.2 * OUTPUT D E L A Y E D  ODD SAHPLf  TO PORT 2 
OUT 10.3 * OUTPUT E V E N  S A M P L E  T O  PORT 3 -  * 
I N  4 9 1  f INPUT NEXT EVEN DATA B I T  FROH PORT 
L A C K  1 
AND 4 8 AND WITH +l T O  OBTAIN 0 O R  1 FOR 0 
S A C L  4 * S T O R E  DATA B I T  I N  DHA 1 3 2 -  * 
8 MAN * BRANCH TO MANCHESTER CODING SECT10 
* * I F  ZERO,  T H E N  L O A D  NEXT MANCHESTER B I T S  INTO BUFFER, * I h P U T  NEXT 030 CATA B I T ,  * AN0 L O O P  B A C K  T O  SEGIN PULSE SHAPING AGAIN. * 
L O A D  L A C  0 * M O V E  O M S < N + l l  T O  O M 4  1 1 2  
MODUL 3 2 0  
1 0 5 4 7  0 1 8 2  ~ E O O  
0 5 4 9  o i a 4  6 ~ 0 1  
, 0 5 4 8  0 1 8 3  5 0 7 0  
OS50 0 1 8 5  2 0 0 1  
0 5 5 1  0 1 8 6  6 € 0 0  
0552 0 1 8 7  5 0 7 8  
~ OS53 0 1 8 8  6 E 0 1  
O S 5 5  0 1 8 9  F 6 0 0  
O 1 8 A  0 1 8 0  
O l 8 C  0 1 8 3  
0 5 5 7  
0 5 5 8  0 1 8 0  4 A O D  
0 5 6 0  
0 5 6 1  0 1 8 F  4 1 0 3  
0 5 6 2  0 1 9 0  7 E 0 1  
0 5 6 3  0 1 9 1  7 3 0 3  
0566  0 1 9 2  5003 
0 5 6 5  
0 5 6 6  0 1 9 3  F 9 0 0  
0194 007A 
0 5 6 7  
0 5 6 9  
OS70 
0 5 7 1  
0 5 7 2  
OS73 
0 5 7 4  
0 575 
0 5 7 6  
0 5 7 7  0 1 9 5  7F89 
OS78 0 1 9 6  6A98 
0 5 7 9  0 1 9 7  9 f 8 0  
0580  
0581 0198 6 8 9 8  
0 5 8 2  0 1 9 9  9FOE 
0 5 8 3  
0 5 8 4  019A 6 0 9 8  
0 5 8 5  0 1 9 0  9FO9 
0 5 8 6  
OS88 0190  9FD5 
0589 
0 5 9 1  0 1 9 F  9 F D O  
OS92 
0 5 9 3  O l A O  6 8 9 8  
0 5 9 4  O l A l  9FCB 
0 5 9 5  
0596 O l A 2  6 8 9 8  
0 5 9 7  01A3 9FC6 
0 5 9 8  
0 6 0 0  O l A S  9FC1 
1 0 5 5 4  
0556 o i m  F ~ O O  
0 5 5 9  O ~ S E  G ~ O A  
0 5 6 8  
0 5 8 7  ONC 6 0 9 8  
os90  0 1 9 ~  6 8 9 8  
0 5 9 9  O ~ A C  6 a 9 8  
~ 







* * * * * * * * * * 









S A C L  
LDPK 
L A C  
L O P K  
S A C L  





I N  
LACK 
AND 
S A C L  
8 
0 




1 2 0  
1 
LOOP6 
W A I T 6  
1 3 s 2  
10.3 





2 - 1  83.076 13:40:51 9 / 2 6 / 8 5  
P A G E  0 0 1 1  
$ WHERE I T  UILL B E  R E A D Y  FOR * NEXT P A S S  THRU PULSE SHAPING- 
* M O V E  EHS<N+l)  TO O M A  1 2 0  
0 kHERE I T  WILL 8E READY FOR 
rQ: NEXT P A S S  THRU PULSE SHAPING. 
* WAIT FOR C L O C K  
* OUTPUT O f L A Y E O  000 SAMPLE TO PORT 2 
9: OUTPUT EVEN S A M P L E  TO P O R T  3 
SINPUT FROM P O R T  1- 
SAND U I T H  1 TO PRODUCE A I OR A 0-  
* S T O R E  RESULTXNG D A T A  B I T  I N  DMA 131 
le BRANCH T O  BEGINNING OF PULSE SHAPI 
T H I S  SECTION CONTAINS CODE FOR H I  P A S S  F I L T E R -  
PREVIi lUS 4 5  FUNCTION VALUES,  R C < M >  - RCCM-45) I N  
MfHORY LOCATIONS 1 6 - 6 0  FOR THE ODD STREAM AND I N  61- 
FOR THE EVEN S T R E A M ,  THE O L D E S T  VALUE IS POINTED T O  
T H I S  P O I N T  B Y  A U X l -  THE COEFFICIENTS A R E  
SD C O N S T A N T S ,  S C A L E D  ar 4 0 9 6 -  




L T D  
HPY K 
L T D  
M Q Y K  
L T O  
MPYU 
L T D  
MPYK 
L T D  
M P Y  K 





- 1 1 5  
I -  
- 3 4  
*- 
- 3 9  
*- 
- 4 3  
it- 






- 5 3  
MOOUL 320 FAHILY M A C R O  ASSEK8lER 2 .1  83 .076 13:40:51 9 / 2 6 / 8 5  
P A G E  0 0 1 2  
0 6 0 1  
0 6 0 3  O l A 7  9FBC 
0 6 0 4  
0 6 0 6  01A9 9FB7 
0 6 0 7  
0 6 0 8  O l A A  6 6 9 8  
0 6 1 0  
0 6 1 1  O l A C  6 9 9 8  
0 6 1 2  O l A D  9FAO 
0 6 1 3  
0 6 1 4  O l A E  6 0 9 8  
0 6 1 5  OlAF 9FA9 
0 6 1 6  
0 6 1 8  0 1 3 1  9FA4 
0 6 1 9  
0 6 2 1  0 1 8 3  9FA1 
0 6 2 2  
0 6 0 2  0 1 ~ 6  6 8 9 8  
0 6 0 5  o i A a  6 8 9 8  
0 6 0 9  O ~ A B  9 ~ a t  
o b i 7  o i a o  6 3 9 8  
0 6 2 0  0 i a 2  6 a g a  
0 6 2 3  0 i a 4  6 8 9 8  
0 6 2 4  0 1 0 s  9Fgn 
0 6 2 5  
0 6 2 6  0 1 0 6  6 8 9 8  
0 6 2 7  0 1 8 7  9 f 9 A  
0 6 2 8  
0 6 2 9  o i a a  6 8 9 8  
0 6 3 0  0 1 ~ 9  9 w a  
0 6 3 1  
0 6 3 2  Ol0A 6 3 9 8  
0 6 3 3  O l B 8  9 f 9 5  
0 6 3 4  
0 6 3 5  O l B C  6 8 9 8  
0 6 3 6  0180 9F93  
0637  
0 6 3 8  O l B E  6 6 9 8  
0 6 3 9  OlSF 9F92  
0 6 4 0  
0 6 4 2  O l C l  9 F 9 1  
0 6 4 3  
0 6 4 5  01C3 8 f 9 1  
0 6 4 6  
0 6 4 8  01C5 9 F 9 1  
0 6 4 9  
0 6 5 1  01C7 9 f 9 2  
0 6 5 2  
0 6 5 3  01C8 6 8 9 8  
0 6 5 4  01C9 9 F 9 3  
0 6 5 5  
0 6 5 6  O l C A  6 0 9 8  
0 6 5 7  OlC8 9F95  
0 6 4 1  oico 6 8 9 8  
0 6 4 4  o i c 2  6 a g a  
0647  o i c i  6 3 9 8  





















M P Y K  
*- 
- 6 8  * + RCCM-36)*-68 
* + RC<M-35)*-73 
* + RC<M-34)*-78 
* + RC<M-33)*-83 
* + RC<M-32)*-87 
* + RC<M-31)*-92 
* + RC(H-30)*-95 
8 + RC<M-29)*-99 
* + RCCM-28)*-102 
* + RC<!l-27)8-104 
* + RC<M-26)*-107 
* + RCCH-25)*-109 
* + RC<M-24)*-110 
* + RC<N-23)$-111 
* + RC<n-22)*3985 
* + RC<M-21)*-111 
* + RC<H-20)+-110 
* + RCCN-19)*-109 
* + R C < M - 1 8 ) ~ - 1 0 7  
LTD 




M P Y  K 
*- 
- 7 8  
LTD 
M P Y K  
*- 
- 8 3  
LTD 




n p r u  
*- 








- 9 9  
LTD 
M P Y K  
*- 
- 1 0 2  
L T D  
M P Y K  
*- 








- 1 0 9  
L T D  
HPYK 
*- 






3 9 8 5  
L T D  






- 1 1 0  
L T D  
M P Y  K 
*- 
- 1 0 9  




MOOUL 3 2 0  FAMILY M A C R O  A S S E M B L E R  2 - 1  8 3 - 0 7 6  13:CO:Sl 9 / 2 6 / 8 5  
P A G E  0 0 1 3  
1 0 6 5 8  
0 6 5 9  o i c c  b a g 8  
1 xz o m  6 8 9 8  0 6 6 0  O l C O  9F98 
0 6 6 3  OlCF 9F9A ' 0 6 6 4  
1 0 6 6 5  0 1 0 0  6 8 9 8  
0 6 6 6  0 1 0 1  9 f 9 0  
I 0 6 6 7  
l 0 6 6 8  0 1 0 2  6 8 9 9  
0 6 6 9  0 1 0 3  9 f A 1  
0 6 7 0  
0 6 7 2  0 1 0 5  9 f A 4  
0 6 7 3  
0675 0 1 0 7  9 f A 9  
0 6 7 6  
0 6 7 7  0 1 0 8  6 8 9 8  
0 6 7 8  0 1 0 9  9 f A O  
0 6 7 9  
0 6 8 0  O l O A  6 8 9 8  
0 6 8 1  0 1 0 8  JF52 
0 6 8 2  
0 6 8 3  O l O C  6 8 9 8  
0 6 8 4  0 1 0 0  9FB7 
0 6 8 5  
0 6 8 6  O l O E  6 3 9 8  
0 6 8 7  O l O f  9F5C 
0 6 8 8  
0 6 8 9  O l E O  6 8 9 8  
0 6 9 0  O l E l  OFCl  
0 6 9 1  
0 6 9 2  O l E 2  6 8 9 8  
0 6 9 3  01E3 9FC6 
0 6 9 4  
0 0 9 5  O l E 4  6898  
0 6 9 7  
0 6 9 9  O l e 7  9FDO 
0 7 0 0  
0 7 0 1  01E8 6 8 9 8  
0 7 0 2  01E9 9F05 
0 7 0 3  
0 7 0 4  O l E A  6 5 9 8  
0 7 0 5  O l E B  9FO9 
0 7 0 6  
0 7 0 7  O l E C  6 5 9 8  
0 7 0 8  O l E O  9FDE 
0 7 0 9  
0 7 1 0  O l E E  6 3 9 8  
0 7 1 1  O l E F  9F8D 
0 7 1 2  OlFO 7F8F 
0 7 1 3  
0 7 1 4  0 1 F l  6 E O l  
0 6 7 1  o i o c  h a 9 8  
0 6 7 4  0 1 3 6  6 ~ 9 a  
0 6 9 6  0 1 ~ 5  w c a  
0 6 9 8  0 1 ~ 6  6 6 9 8  
* 
L T D  
MPYK 
*- 
- 1 0 4  8 + RC<M- l7 ) * -104 
* + RC<H-16)*-102 
t + RC<M-15)*-99 
8 + RC(M- l4 ) * -95  
* + RC<H-13)*-92 
It + R C < H - l 2 ) t - 8 7  
* + RC<M-l1)* -83 
* + RC<M- l0 )8 -78  
8 + RC<M-9)*-73 
* + RC<M-6)8-66 
8 + RC<M-7)*-63 
* + RC<M-S)S-58 
* + RC<H-5)*-53 
8 + R C < M - 4 ) * - 4 8  
* + RC(H-3)*-43 
* + RC<M-2)4-39 
8 + RC<M-1)4-34 





- 1 0 2  
L T O  
HPYK 
*- 
- 9 9  
L T O  
MPY K 
$- 
- 9 5  
L T D  
M P Y K  
*- 
- 9 2  
LTD 
M P Y K  
4- 
- 3 7  
L T D  
NPYK 
8- 
- a 3  
L T D  
M P Y K  
*- 




- 7 3  
LTD 
M P Y K  
t -  









M P Y K  
*- 
- 5 8  
L T D  
HPYK 
t- 








- 4 3  
L T D  
M P Y K  
I- 
- 3 9  
L T D  
M P Y K  
tr-  
- 3 4  
LTD 
M P Y K  
A P A C  
$ 0  
- 1 1 5  
* 
L D P K  1 
MODUL 320 FAMILY M A C R O  ASSEMBLER 2 - 1  8 3 - 0 7 6  13:40:51 9 / 2 6 / 8 5  
PAGE 0014  
' 0 7 1 5  OlF2  S C O A  
~ %Ji% O l F 3  2 O O A  
0 7 1 9  OlFC 0006  
0 7 2 0  
0 7 2 1  OlFS 500A 
0 7 2 2  
0 7 2 3  
0724  
0 7 2 5  01F6 300E 
0 7 2 6  01F7 Z O O E  
0 727  
0 7 2 8  
0 7 2 9  
0 7 3 0  01FS FFOO 
OlF9 0 1 6 0  
0 7 3 1  
0732  O l F A  0 0 0 5  
0 7 3 3  
0 7 3 4  
0 7 3 5  
0 7 3 6  O l F B  FFOO 
OlFC 0 1 4 4  
0 7 3 7  
0 7 3 8  O l F D  0 0 0 5  
0 7 3 9  
0 7 4 0  
0 7 4 1  
0 7 4 2  O l F E  FFOO 
O l F F  0 1 2 5  
0 7 4 3  
0 7 4 4  0 2 0 0  0 0 0 5  
0 7 4 5  
0 7 4 6  
0 7 4 7  
0 7 4 8  0 2 0 1  FFOO 
0202 0 1 0 3  
0 7 4 9  
0 7 5 0  0 2 0 3  0 0 0 5  
0 7 5 1  
0 7 5 2  
0 7 5 3  
0 7 5 4  0 2 0 4  F F O O  
0 2 3 5  OOEA 
0 7 5 5  
0 7 5 6  0 2 0 6  0 0 0 5  
0 7 5 7  
0 7 5 8  
0 7 5 9  
0760  0207  FFOO 
0 2 0 8  o o c z  
0 7 6 1  
0 7 6 2  0 2 0 9  0 0 0 5  
0 7 6 3  
0764  
0 7 6 5  
SACH 10 .4  SSTURE F I L T E R  OUTPUT I N  1 3 8  * SHIFTED 4 SPOTS TO TAKE I N T O  ACCOUNT * MULT- OF 13 B I T  N3-  BY 1 6  B I T  NO- 
L A C  13 
A OD 6 * ADD B I A S  TERH TO READY FOR OUTPUT * AND 1 5  
* * CHECK OCOUNT TO SEE c i H I C H  OUTPUT ME SHOULD BRANCH aACK * 
S A C 1  1 0  * S T O R E  F I L T E R  OUT + B I A S  I N  1 3 8  
S A R  O , 1 4  
L A C  14 * * IF A C C m  I S  Z E R O ,  WE A R E  DONE AND READY FOR NEXT I T E R A T I O N  * 
8 2  PREP 
* 
* * I F  Z E R O  NOk, READY FOR FOURTH E V E N  OUTPUT * 
ADD 5 
BZ O N E  
* 
* * I F  Z E R O ,  R E A D Y  FOR FOUitTH O D 0  OUTPUT * 
ADD 5 
B L  TWO 
* 




* * I F  Z E R O ,  READY FOR THIRD ODD OUTPUT * 
A D D  5 
B L  FIlUR 
* 
* * I F  ZERO, R E A D Y  FOR S E C J N D  t V E N  OUTPUT * 
ADD 5 
BZ F I V E  
* 
* * I F  Z E R O ,  READY FOR SECOND 3DD OUTPUT * 
AQD 5 
MODUL 3 2 0  FAMILY M A C R O  ASSEMSLER 2.1 83 .076 
0 7 6 8  Ir IF ONE, R E A D Y  FOR FXRST E V E N  OUTPUT 
0 7 6 9  * 
0 7 7 0  OZOC FCOO BGZ S E V E N  
0 2 0 0  0 0 9 3  
13:40:51 9 / 2 6 / 8 5  
P A G E  0 0 1 5  
APPENDIX I11 
3 t M P R L L  
0 0 0 1  
0 0 0 2  
0 0 0 3  
0 0 0 4  
1 0 0 0 5  
' 0 0 0 6  














0 0 2 3  
0 0 2 4  
0 0 2 5  
0 0 2 6  
0 0 2 7  
0 0 2 8  
0 0 2 9  




0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
0 0 3 8  
0039 
0 0 4 0  
0 0 4 1  
0 0 4 2  
0 0 4 3  




0 0 4 5  
0 0 5 0  
0051 
0 0 5 2  
0053 
0 0 5 4  
0 0 5 5  
0 0 5 6  
0 0 5 7  
o o o a  
ooia 
o o c a  
JLL)  
X C T  'CEHPR3C ' 
* S * t t  * * * * $ $ * ~ * ~ ~ * $ * * + 0 * ~ 3 ~ ~ $ * * * ~ ~ * * * * * * * * * * * * * * * * * * * * * *  
* S O F T i i i l 4 E  F O R  E O A R C  2 (IF THE REAL T I M E  * X R P L E W f N T A f I O h  OF THE X A N C H E S T E R  TCT 
* * s g  
* 83 
4 * OEHODULATOR * CUg * * L l  
4 &  z o  * L a s t  L p d a t e d  : 8 / 3 0 / 8 5  * - 0  
P 
* w  
z G e n e r a l  E l e c t r i c  Company * 00, * C o r p o r a t e  R e s e a r c h  & D e v a l o p n e n t  
* h r i t t e n  b y  - Norman E. Lay  
* 
* * * * 
* 
* * 




rp * * * 
T h e  f c l l o u i n g  T H S - 3 2 0  a s s e m b l e r  c o d e  
i a p l e n a n t s  t h e  p i l o t  p r o c e s s i n g  a n d  
c o r r e c t i o n  t o  t h e  d a t a  c h a n n e l s  o f  p h a s e  
i r r e a L l a r i t i e s  c a u s e d  b y  t h e  f a d i n g  chan-  
n e l .  T h e  p r i n c i p a l  p r o c e s s i n g  i n t e n s i v e  
f u n c t i a n r  i m p l e m e n t e d  b y  t h i s  c o d e  c o n s i s t  
o f  4 locupass f i l t c r s  -- 2 f o r  p i l o t  r e c o -  
v e r y  i n  e a c h  c h a n n e l  a n d  2 f o r  f i l t e r i n g  
e x c e s s  n o i s e  f r o m  t h e  d a t a  bend. The p i l o t  
p r o c e s s o r  c o n s i s t s  o f  d e t e r m i n i n g  s i n e  C 
c o s i n e  o f  t h e  p h a s a  a n g l e  b e t v e e n  t h e  I & 4 
c h a n n e l s  o f  t h a  r e c o v e r e d  p i l o t ,  One o c t a n t  
o f  s i n e  a n d  c o s i n c  v a l u e r  a r e  s t o r e d  a s  a 
l ooku l :  t a b l e  i n  p r o g r a m  m a a o r y .  L i n e a r  in-  
t o r p o l a t i o n  i s  u s e d  a t  d i f f e r e n t  p r o c e s s i n g  
r a t e  b o u n d a r i e s  Ci.e.  a h e r o  t h e  p l l o t  is 
r e m o v e d  f r o m  t h e  d a t a  a n d  r h e r e  s i n  & cos  
a r e  u s e d  t o  c o r r e c t  f o r  p h a s e  errors i n  t h e  
d a t a l .  T h e  d a t a  f i l t e r s  o F e r a t e  a t  a l 2 k H z  
r a t e  a n d  tne  p i l o t  p r o c e s s i n g  is d o n e  a t  a 
2,CkHz r a t e .  








0 0 0 3  
O O O A  
0 5 0 6  
o o o c  
0 0 0 3  
O O O E  
o o o a  




















E Q U  
E Q U  
E C U  
E Q U  
E C U  
ECU 
E C U  
ECU 
E Q U  
Eau 
Eau 
E a u  
> O  
>1 
>2  
> 3  
> 4  
> 5  
> c  
>7 
> 8  
>9 
> A  
>E3 
> C  
> C  
> E  
1 
1 B e g i n n i n g  o f  R a r  f o r  
1 O e l a y  S t o r a g e  o f  F i l t e r  
> S t a t e s  o f  t h e  I C h a n n e l  
















0 0 6 3  
0 0 6 4  
0065  
0 0 6 6  
0 0 6 7  
0 0 6 3  
0 0 7 0  
0 0 7 1  
0 0 7 2  
0 0 7 3  
OG74 
0 0 7 5  
0076 
0 0 7 7  
0 0*7 d 
0 0 7 9  
0 0 6 0  
O O b l  
0082 
0063 
0 0 8 4  
0065 
0080 
0 0 8 7  
008d 
0 0 8 3  
0 0 9 0  
0 0 9 1  
0032 
0093 
0 0 9 *  
0095 
0096 

















o o g a  
oioa 




0 0 1 4  XZ20 
0315 IZ21 




O O l A  1126 
0 0 1 5  I227 
O O l C  I228 
G O 1 0  1129 
O O l E  1230 
O O l F  fZ31 
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0 4 0 0  O O 7 E  6 3 6 5  
O v O l  007F 6 6 0 0  
0 4 0 2  0 0 8 0  6 1 4 4  
0 4 0 3  0 0 8 1  630C 
0 4 0 5  0 0 8 3  6 3 0 3  
0 3 9 3  o o i c  6 a 0 ~  
0 4 0 4  0 0 a 2  8 0 6 3  
0 4 0 6  o G a C  9 ~ 6 7  
0 4 0 7  0085  BOA 
0 4 0 8  0 0 8 6  9F44 
0 4 0 9  0 0 8 7  6 3 0 3  
0 4 1 0  0 0 8 8  9 F f 6  
0 4 1 1  o o a g  6 3 0 8  
0 4 1 2  0 0 8 4  8 0 7 8  
0 4 1 3  0 0 8 6  6307  
0 4 1 4  o o a c  a 0 6 3  
o c i s  o o m  6 a o t j  
0 6 1 6  O O 8 E  9 f F 8  
0 4 1 7  0 0 8 F  6 8 0 5  
0 4 i a  0 0 9 0  9 ~ ~ 6  
0 4 1 9  0 0 9 1  6 6 0 4  
0 4 2 0  0 0 3 2  9fDc 
o c i i  0093 6 8 0 3  
0 4 2 2  0 0 9 4  9FFF 
0 4 2 3  0 0 9 s  6 8 0 2  
0 4 2 4  0 0 9 6  806C 
0 4 2 5  3 0 9 7  6 0 0 1  
0 4 2 6  0 0 9 8  9FE7 
0 4 2 8  009A 9 f O 3  
0 4 3 0  003C S C 7 8  
0 4 3 1  
0 4 3 2  
0 4 3 3  
0 4 3 4  003C 7 F 8 3  
0 6 3 5  003 . f  6 A S l  
0 4 3 6  0 0 3 f  9F03 
0 4 3 8  0 O A l  9FE7 
0 4 3 5  O O A 2  6 5 4 f  
0 4 4 0  30A3 806C 
0 4 4 2  O O A S  5 F f F  
0 4 4 4  00A7 9FD* 
0 4 4 5  00A8 6 9 4 C  
0 4 4 6  00A9 9FAo 
0 4 4 7  O O A A  6BCa 
0 4 4 9  O O A C  6 8 4 A  
0 4 2 7  0 0 3 9  6800 
0 4 2 9  o o g a  T F ~ F  
0 4 3 7  O O A O  6 3 5 0  
0 4 4 1  O O A C  6 a ~ ~  
0 4 4 3  0 0 ~ 6  6843 
0 4 c a  O O A B  swa 
0 4 5 0  O O A G  b o 6 a  
o c s i  O O A E  6 a 4 3  
0 4 5 3  o o a o  6848 
0 4 5 2  OOAF 6 0 7 8  
LTD 









L T D  
HPYK 




L T D  
HPYK 
L T E  
MPYK 













SACH * * D a t e  * 
L A C  
CT 








L T  3 
NPYK 
L T  0 
MPYU 
L T D  
MPYK 
L T  0 
HPYK 
L T 3  







D L P F l C  
5z12 
OLPf  1 3  
I Z l l  
D L P F l 2  
I L l O  
D L P F l l  
129 
D L P F l O  
CLPFP 
1 2 7  
DLPF 3 










I 2 1  
31pf2 
I L P F  
DLPF 1 
ICOUT,6 
x z a  
L P F  C o d e  4 Channe l  
4240 











4 z 3 c  
d1pf7 
E 2 3 3  
D L P f  a 
4132 
DLPFS 
4 2 3 1  
~~ 
P A G E  0 0 0 8  
ocsc  o o a i  5 ~ ~ 6  
0 4 5 6  0 0 3 3  f F 4 4  
0 4 5 7  0 0 a 4  6 8 4 6  
0 4 5 9  o o a b  6 3 4 5  
0 4 6 0  0 0 3 7  8 0 6 8  
0 4 6 3  ooarr 6 3 4 3  
0 4 6 4  0 0 0 a  8 0 6 5  
0 4 6 5  o o a c  s a c 2  
04SS 0082  6 8 4 7  
0 4 5 8  0 0 5 5  9 F 6 7  
0461 0 0 3 6  6 3 4 c  
0 4 6 2  OOa9 8 1 4 4  
0 4 6 6  O O a C  9EDA 
0 4 6 7  O O B E  6 0 4 1  
0 4 6 8  O O B F  5 D 4 E  
0 4 6 9  O O C O  6 6 4 0  
0 4 7 0  O O C l  9 F 3 d  
0 6 7 1  O O C 2  6 3 3 F  
0 4 7 2  O O C 3  83E9 
0 4 7 4  O O C S  692C 
0 4 7 5  00C6 6 3 3 0  
0 4 7 7  O O C 8  6 3 3 C  
0 4 7 8  OOC9 892C 
0479  O O C A  62335 
0 4 6 0  O O C B  83E9 
O C 6 i  3OCG 9 F 3 8  
0 4 8 4  O O C F  9DSE 
0 4 8 6  OODl 9 E O A  
0 4 8 7  0032 6 8 3 7  
0 4 8 9  0 0 0 4  6 8 3 6  
0 4 9 0  0 0 0 5  8144 
0 4 9 1  00D6 6 6 3 5  
0 4 7 3  o o c i  6 a 3 ~  
0 4 7 6  o o c 7  8 a 7 9  
0 4 6 1  o o c c  6 a 3 ~  
0 4 8 3  O O C E  6 8 3 3  
0 4 8 5  O O D O  6 8 3 6  
o a a  0003 6005 
0 4 9 2  0 0 0 7  8063 
0 4 5 3  0008 6 a 3 c  
0 4 9 4  0 0 0 9  9 F 6 7  
0 4 9 5  O O O A  0 3 3 3  
0 4 9 6  0008 9 F c 4  
0 4 9 7  O O D C  6832 
0 4 9 8  O O D C  9FE6 
0 4 9 3  30DE 6 8 3 1  
0 5 0 0  O O D F  8 0 7 8  
0 5 0 1  O O E O  6 3 3 0  
0 5 0 2  OOEl 6 0 6 3  
0 5 0 3  00152 6 3 2 F  
O S 0 4  O O E 3  9Ffd 
0 5 0 6  O O E 5  9FA6 
0 5 0 7  0 0 E 6  6B2D 
0 5 0 9  00E8  6BZC 
O S 1 0  0 0 E 9  P F F F  
o s 0 5  O O E C  O ~ Z E  
0 5 0 6  0 0 E 7  9FDk 
MPYK 
L T 3  
HPYK 
L T D  
MPYK 




L T D  
HPYK 








L T D  
MPYK 
L T D  
MPYK 
L T D  
MPYK 
L T D  
MPYK 
L T D  
MPYK 
L T D  
WPYK 
L T G  
MPYK 
L T D  
MPYK 
L T D  
MPYK 
L T D  









L T  D 
MPYK 
L T D  
MPYK 
L T D  
HPYK 
L T 3  
HPYK 
L T D  
HPYK 
OLPFlO 
O L P F l l  
c129 
CLPF12 
4 1 2 8  
D C P F l 3  
D L P F l C  
D L P F l S  
O L P F l d  
QZ24 
D L P F l ?  
0223 
DLPF 1 6  
e 2 2 2  
D L P F l S  
a z 2 1  
DLPFZO 
QZZO 
O L P F Z l  
4 2 1 9  
DLPFZO 
4 2 1 8  
DLPF19 
0 2 1 7  
O L P F l 8  
D L P F l 7  
0115 
D L P F l t  
72 1 4  
OLPF 1 5  
a 2 1 3  
D L P F l C  
Q Z l Z  
DCPF13 
a 2 1 1  
D L P F l 2  
D L P F l l  
QZ9 
OLPF 1 0  









Q Z ~ O  
a z 2 7  
a z 2 6  
a 2 2 5  
a 2 1 6  
4 x 0  
a 2  5 
4 2 4  
e 2 3  
ORIGINAC PAGE IS 
OE POOR QUALITY 
0 5 1 1  O O E A  6 9 2 3  
' 0 5 1 2  O O E B  806C 
0 5 1 3  O O E C  602A 
0 5 1 4  30EO 9FE7 
0 5 1 6  OOEF 9FDS 
0 5 1 7  O O F O  7F8F 
0 5 1 8  O O F l  SC79 
0 5 1 9  
0 5 2 0  I 0 5 2 1  
0 5 2 2  OOF2 657D 
0523 OOF3 617C 
0 5 2 4  O O F I  6A7F 
0 5 2 5  
0 5 2 6  OOF5 7F82  
0 5 2 7  OOF6 I F 8 9  
OS29 
0 5 3 0  
0 5 3 1  
0532 
I 0533 
~ 0 5 3 4  
1 0 5 3 5  O O F 7  2 0 7 3  
0536 OOF6 FFOO 
O O F Q  O O F 7  
0 5 3 7  
10533 
I 0 5 3 9  
0 5 4 0  
0 541 
0 5 4 2  
0 5 4 3  
0 5 4 4  
0 5 4 5  
I 0 5 4 6  
I OS47 
0549 
0 5 1 5  O O E E  6 a z 9  
0 5 2 a  
l 0 5 4 8  
' 0 5 5 1  1 0 5 5 0  
0 5 5 2  
0 5 5 3  
~ :::: OOFA 7F83  
0 5 5 6  OOF8 6A613 
OS57 OOFC 9 f 3 4  
o s s a  O O F O  4 7 7 4  
0 5 5 9  o w e  ~ ~ 6 a  
0 5 6 2  0101 4 7 6 a  
0 5 6 0  OOFF 6C74 
0 5 6 1  0 1 0 0  9 f E 6  
0 5 6 3  0 1 0 2  4 f 7 C  
0 5 6 4  0 1 0 3  6C65 
0 5 6 5  0 1 0 4  9 F F o  
0 5 6 6  0 1 0 5  4774 
LTD 2 z z  
M P Y K  OLPF3 
LT 0 Q2 1 
MPYK D L P F l  
L T G  QL PF 
H P Y K  OLPFl  
AP A C  
SACH GC CUT, c * * * Rest o r  e Re g i s t  a r  s 
LALH I l C H  
A C D S  I A C L  
LT  I T R E G  * 
E I N T  
RET 
0 * * * * * * 
E K G R L O  
* 
* * * * * * 
* * * * * 
* * * 
B e g i n  Background  Code f o r  
C a l c u l a t l o n  o f  I t P P i l o t  
a n d  S i n  & Cos S t o p  S i z e s .  
P e r f o r m  P i l o t  LPF a n d  S i n  t 
Cos T a b l e  Lookup ,  
L A C  ShCFLG 1 Wait f o r  p i l o t l d a t a  
a z  S K G R N C  1 s y n c h r o n i z a t i o n .  
The  f c l l o r i n g  two L P F s  a r e  f o r  p i l o t  
r e c o v e r y  o f  t h e  I C 3 c h a n n e l .  
Note : t h e  l i m i t e d  i n t e r n a l  memory o f  tha 
T M S - 3 2 0  r e q u i r e d  t h a t  t h e  p i l o t  L P F  
f i l t a r  s t a t e s  b e  s t o r e d  o x t e r n a l l y ;  
h o s e v e r ,  TeLW/TBLR i n s t r u c t i o n s  c a r r y  
a 6 c y c l e  o v e r h o o d  f o r  a e n o r y  access:  
t o  lower this o v e r h e a d  p e n a l t y ,  e x t r 8  
r a n  u a s  a d d e d  t o  b e  a c c e s s e d  t h r o u g h  
t h e  110 p o r t s  r e d u c r n g  t h o  o v r r h r a d  
t o  C cycles; memory a d d r e s s i n g  is ac- 
c o w p l i r h e d  b y  a n  e x t e r n a l  countar  t h r t  
is a d v a n c e d  b y  an CUT 97 i n s t r u c t i o n :  
I P i l o t  L P F  Code 
LAC 
LT 
M P Y K  
I N  
OUT 
LTA 
H P Y K  
I N  
OUT 
L T A  
M P Y K  
I N  
IPXLOT 
P L P F l  
TEMP1,7 
I P I L O T , 7  
T E M P 1  
PLPFZ 
IP ILOT,7  
TEHPln7  
I P I L O T  
PLPF 3 
TEMPln7 
0 5 9 2  O l l F  6C74 
0 5 9 3  0 1 2 0  aoca  
06G3 
0 6 1 0  
0 5 1 1  
0 6 1 2  
0 6 1 3  
0 6 1 4  
0 6 1 5  
0 6 1 6  
0 6 1 7  
061d  
0 6 1 3  
0 6 2 0  
0 6 2 1  
0 0 2 2  
0623 
0130  


























9 E 5 7  
4774 
4F68 
1 . -  
OUT 
H P Y K  
I N  
OUT 
L T  A 
M P Y K  
I h  
O U T  
LTA 
M P Y K  
I N  
OUT 
LT A 




M P Y K  
I N  
O U T  
LTA 
MPYK 
I N  
OUT 
LTA 
M P Y K  
1h 
O U T  
L T A  
M P Y K  
I N  
OUT 
LTA 
H P Y K  
I N  
OUT 
LTA 




M P Y K  
I N  





A T A  
M P Y K  
I N  
OUT 
L T A  
H P Y K  
I N  
OUT 
L i a  
- - - .  _ - - . .  - a &  I - . - . -  .-. . - + -  
P A G E  0 0 1 1  
IP:LOT,7 
T E M P 1  
? L P F G  
I P I L O T  9 7  
TEMP197 
I P I L O T  
PLPFS 
TEMP197 
I P I L O T B ~  
T E M P 1  
p1pf6 
IPILOT97 
T E N P l  ,7 
I P I L O T  
p1pf7 
TEMP197 
I P I L 0 7 , 7  




I P I L O T  
p1pf9 
TEHPln7 
I P I L O T , ?  
T E M P 1  
PLPF 1 0  
IP ILOTr7  
TEMP197 
X P I L O T  
P L P F  11 
TEHPlp7 
IPILDT,7 
T E M P 1  
P L P F l t  
XPILOTs7 
T E M P 1 9 7  
I P I L O T  
PLPF13 
~ ~ n ~ i . 7  
XPfLOT97 
T E M P 1  
P L P F l G  
XPILOTs7 
TEMP197 
I P i L O T  
PLPF15 
TEMPlr7 
IP ILOT,7  




I P I L O T  
PLPFl7 
TEMP197 
I P I L O T  7 
'ORIGSNAC PAGE IS 
.OE POOR QUALITY 
- -  - - -  - -  
0 6 2 4  013F 6C74 
0625  0 1 4 0  9 D F d  
0 6 2 6  0 1 4 1  4 7 6 8  
0 6 2 7  0 1 4 2  4 F 7 4  
l 0 6 2 8  0143 6C68 
0629 0 1 4 4  E O C A  
0 6 3 0  0 1 4 5  *77C 
0 6 3 1  3 1 4 6  4 F 6 8  
0 6 3 2  0 1 6 7  6C7* 
0 6 3 4  0 1 4 9  4 7 6 8  
0 6 3 5  Ol4A 4 F 7 6  
0 6 3 6  0 1 4 8  6C68 
0 6 3 7  O l 4 C  9E27 
0 6 3 8  0 1 4 0  4 1 7 4  
0 6 4 0  OlCF 6C74 
0 6 4 1  0 1 5 0  9ECA 
0 6 4 3  0 1 5 2  4 F 7 4  
0 6 4 4  0153 6C6d 
0 6 4 5  0 1 5 4  9FC1 
0 6 4 6  0 1 5 5  4 7 7 4  
0 6 3 3  o i c a  9 0 ~ 4  
0 6 3 3  O M  4 ~ 6 a  
0 6 4 2  0 1 5 1  4 7 6 8  
0 6 4 7  0 1 5 6  4 ~ 6 a  
0 6 4 a  a157 6 c 7 4  
0 6 4 9  0 1 5 6  8 1 0 6  
0 6 5 0  0 1 5 9  4 7 6 d  
0 6 5 1  015A 4 F 7 4  
Ob52 (2158 6C60  
o m  o i s c  a 2 a ~  
0 6 5 1  O l S D  4 7 7 4  
0 6 5 s  O ~ S E  4 ~ 6 a  
0 6 5 8  0 1 6 1  4 7 6 a  
0656 GlSF 6 C 7 i  
0 6 5 7  0 1 6 0  8 4 4 6  
0 6 5 9  0 1 6 2  CF74 
0 6 0 0  0 1 6 3  6C68 
0 6 6 1  0164 8 6 1 7  
0 6 6 2  0 1 6 s  4774 
0 6 6 3  0 1 6 6  4 F 6 8  
0 6 6 4  0 1 6 7  6 c 7 4  
0 6 6 5  0 1 6 8  87ES 
0 6 6 6  0 1 6 3  4 7 6 6  
0 6 6 7  0 1 6 1  4 F 7 4  
0 6 6 3  0 1 6 8  6 c 6 8  
0 6 6 9  016C 8 3 9 *  
0670 016G 4 7 7 4  
0 6 7 1  O l 6 E  4F68 
0 6 7 2  016F 6C74 
0 6 7 4  0 1 7 1  4 7 6 8  
0 6 7 5  0 1 7 2  4 F 7 4  
(2576 0 1 7 3  6C6d 
0 6 7 7  0 1 7 4  &C23 
0 6 7 8  0 1 7 5  4 7 7 4  
0679 0 1 7 6  4f6d 
D680 0 1 7 7  6C7* 
0 6 7 3  0 1 7 0  8 3 0 6  






M P Y K  
I N  
OUT 





I N  
ou 1 
L T A  
I N  
GUT 
L T A  
M P Y K  
I N  
ou T 
L T  A 
M P Y K  
I N  
OUT 
L T  A 
M P Y K  
I N  
OUT 
L T  A 
MP YK 
I N  
OUT 
L T  A 
M P Y K  
IN 
OUT 
L T  A 
M P Y K  




I N  
OUT 
L T  A 
M P Y K  
I N  
OUT 
L T A  
M P Y K  
I N  
OUT 
~ P Y K  
~ P Y K  
L T  a 
t E w i  
P L P F l 8  
I P I L O T 9 7  




ZP I L 9 T  7 
T E M P 1  
PLPFZO 
I P  I L O T  , 7 
TEMP197 
I P  ILOT 
P L P F Z l  
TEMP1,7 
IP ILOT,7  
T E H P l  
PLPFZZ 
IP ILOT,7  
TEMP1,7 
I P  ILOT 
PLPF23 
T E  I y P l  , 7 
I P I L O T r 7  
T E w i  
PLPFZ4 
I P I L O T 9 7  
TEHP1,7 
I P I L O T  
PLPFZS 
TEMP1,7 





I P I L O T  
PLPF27 
TEMPl.7 
I P I L O T  9 7  
T E M P 1  
PLPF28 
I P  I L O T  7 
TEHPl,? 
I P I L O T  
PLPF29 
TEMP197 
I P I L O T  , 7 
T E M P 1  
PLPF3O 
I P I L O T  7 
TEMP197 
I P I L O T  
PLPF31 
T E M P  1 9 7  
I P I L O T  , 7 
T E M P 1  
~~ - -  . .  
P A G E  0012  
0 6 8 1  0 1 7 8  8CCs 
0683  017A c F 7 *  
0 6 8 4  O l 7 a  6C6a 
0 6 8 5  O17C 6D13 
0 5 8 6  017C 4 7 7 4  
0 6 8 7  O 1 7 E  4 F 6 8  
0 6 8 3  0 1 8 0  6 C c 4  
0 6 9 1  0 1 8 2  4 F 7 4  
0 6 9 2  0 1 8 3  6Ct3 
0 6 9 4  0 1 8 5  4 7 7 4  
0 6 9 6  3 1 8 7  6C74 
0 6 8 2  0 1 7 9  c 7 6 a  
0 6 8 8  0 1 7 ~  6 c 7 *  
0 6 9 0  o i a i  c 7 6 a  
0 6 9 3  o i a c  8 c 2 3  
0 6 9 5  0 1 3 6  4 ~ b a  
0 6 9 7  o i a a  8 8 0 6  
0 6 9 3  o i a g  
0 6 9 3  o i a A  
0 7 0 0  o i a B  
0 7 0 1  01dC 
0 7 0 2  0 1 8 0  
0 7 0 3  O l 8 E  
0 7 0 5  0 1 9 0  
0 7 0 6  0 1 9 1  
0 7 0 7  0 1 9 2  
0 7 0 8  0 1 9 3  
0 7 0 9  0 1 9 4  
0 7 1 0  0 1 9 5  
0 7 1 1  0 1 9 6  
0 7 1 2  0 1 9 7  
0 7 0 4  o i a F  
4 7 6 8  
4 F 7 4  
6 C 6 d  
8 3 9 4  
* 7 7 4  
6C74 
87E5 
4 F 7 4  
6C68 
8 6 1 7  
4 7 7 4  
c F 6 a  
6C74 
4 ~ 6 ~  
4 7 6 8  
0 7 1 3  0198 8 4 4 6  
0 7 1 5  019A 4 f 7 +  
0 7 1 6  0 1 9 8  6C68 
0 7 1 7  019C 828E 
0 7 1 8  019C 4 7 7 4  
0 7 2 0  019F 6C74 
0.721 O I A O  8 1 0 6  
0 7 2 2  O l A l  4 7 6 8  
0 7 2 3  O l A 2  4 F 7 4  
' 0 7 1 4  0 1 9 9  4 7 6 a  
0 7 1 9  0 1 3 ~  4 ~ 6 a  
1:::: 0":;: 
0 7 2 6  O l A 5  
0 7 2 7  01A6 
10729 01A8 
0 7 3 0  O l A 9  
0 7 3 1  O l A A  
0 7 3 2  O l A B  
0 7 3 3  O l A C  
0 7 3 4  3 l A D  
I 0 7 3 5  O l A E  
0 7 3 6  O l A F  
0 7 2 8  0 1 ~ 7  
0 7 3 7  o i a o  
6C68 
9 f C 1  
* 7 7 c  
4 ~ 6 a  
6C74 
c 7 6 a  
9 E C A  
4 F 7 0  
6C6d 
9E27 





* - .  
HPYK 
I N  
OUT 
L T A  
M P Y K  
:ti 
OUT 
L T A  
M P Y K  
Iti 
OUT 
L T A  
HPYK 
I N  
OUT 
LTA 
M P Y K  
I N  
OUT 
L T A  
M P Y K  
Ik 
OUT 
L T  A 
M P Y K  
IN 
L T A  
M P Y K  
IN 
OUT 
L T A  
M P Y K  
I N  
OUT 
L T A  




M P Y K  
IN 
OUT 
L T A  
M P Y K  







M P Y K  
IN 















I P I L O T  
PLPF31 
T E M P 1 . 7  
IPXLOT.7 
T E n P i  
PLPF30 
IP ILOT 9 7 
TEMP1.7 




T E M P 1  
PLPF28 
X P I L 0 7 9 7  
TEMP197 
I P I L O T  
PLPF27 
TEMPl.7 
I P ~ L O T .  7 
T E M P 1  
PLPF26 
I P I L O T  p 7 
T E M P 1 . 7  





T E n P i  
I P I L O T 9 7  
TEMP197 
I P I L O T  
PLPF23 
TEMP197 
I P I L O T 9 7  
T E M P 1  
PLPF22 




T E M P 1 9 7  
IPXLOT,7 
T E M P 1  
PLPFZO 
P A G E  0 0 1 3  
PAGE IS 
OF1 POOR QUALITY 
P A G E  0 0 1 4  
0 7 3 a  0 1 ~ 1  4 7 6 a  
0 7 4 1  o i a 4  S D C A  
0 7 4 2  o i a s  4 7 7 4  
0 7 4 3  0 1 3 6  4 ~ 6 a  
0 7 4 4  0 i a 7  6 c 7 4  
0 7 4 s  o i a a  s o f a  
0 7 4 6  o i a g  4 7 6 8  
0 7 4 7  01BA 4 F 7 4  
0 7 4 8  0 1 8 0  6C68 
0 7 4 3  O l B C  9E57 
0 7 5 1  O l B E  4 F 6 8  
0 7 5 2  0 1 0 F  6 t 7 4  
0 7 5 3  O l C O  9 i C 3  
0 7 5 6  O l C l  4 7 6 8  
0 7 5 5  O l C 2  4 f l C  
0 7 5 6  OlC3 6 c 6 8  
0 7 5 7  01C4 9 F 1 3  
0 7 5 8  O l C S  4 7 7 4  
0 7 6 0  J1C7 6C7C 
0 7 6 1  OlC8 9FC7 
0 7 6 3  O l C A  CF76 
0 7 6 5  O l C C  8 0 3 1  
0 7 6 6  O l C C  4 7 7 6  
0 7 6 7  O l C E  4F6S 
0 7 6 8  OlCF 6C7v 
0 7 6 9  0 1 0 0  8 0 8 1  
0 7 7 0  O l D l  4 7 6 8  
0 7 7 1  0 1 3 2  4 F 7 4  
0 7 7 2  01D3 6C6a 
0 7 7 3  0 1 0 4  8 0 6 4  
0 7 7 4  010s  4 7 6 8  
0 7 7 s  0106 4 ~ 6 a  
0 7 7 8  0 1 0 9  4 7 6 a  
0 7 3 5  O l B 2  4 F 7 4  
0 7 4 0  0 1 8 3  6C68 
0 7 5 0  o i a o  4 7 7 4  
0 7 5 9  o i c 6  4 ~ 6 a  
0 7 6 2  o i c g  4 7 6 8  
0 7 6 4  01CB 6C6a 
0 7 7 6  O l D 7  6C7* 
0 7 7 7  0108 80C3 
0 7 7 9  O l O A  4 F 6 8  
0 7 8 0  0 1 0 8  6 f 7 4  
0 7 8 1  013C 8OCd 
0 7 a i  0100 4 7 6 a  
0 7 ~ 3  o i m  4 ~ 6 a  
0 7 8 s  O ~ E O  a o a o  
0 7 8 7  Oli2. 4 F 6 8  
0 7 8 4  OlDF a t 7 4  
0 7 8 6  O l E l  4 7 6 8  
0 7 8 8  01E3 6C74 
0 7 d 9  O l E 4  8 0 8 3  
0 7 9 0  01E5 4 7 6 8  
0 7 9 1  O l E 6  4 F 6 a  
0 7 9 2  01E7 6C7* 
0 7 9 3  01E8 8 0 6 0  





I N  
OUT 
LT A 





I N  
OUT 
L T  A 
HP YK 
I N  
OUT 
C T A  
HPYK 











M P Y K  




I N  
OUT 
L T  A 
MPYK 







H P Y K  
I N  
L T  A 
M P Y K  
I N  
OUT 
L T A  
M P Y K  
IN 
au T 
I P I L O T r 7  
TEHPlp7 
I P I L O T  
PLPF19 
TEHP1,7 
I P  I L 3 T  p 7 
TEHPl 
P L P F l 8  
XPILi31,7 
T E M P l r 7  
I P I L O T  
PLPF17 
TEMP1,7 
I P I L D T , 7  
T E M P l  
P L P F l d  
I P I L O T , 7  
T E M P l p 7  
XPILOT 
PLPF 1 5  
TEMP1,T 
I P  ILOT r 7  
T E M P l  
PLPF14 
I P I L 0 1 , 7  
T E W P l r 7  
I P I L O T  
PLPF13 
T E ~ P I , ~  
I P I L O T , 7  
T E M P 1  
P L P F l 2  
I P  ILOT p 7 
T E M P  1.7 
I P I L O T  
P L P F l l  
I P I L O T  9 7 
I P I L O T  ,7 
T E M P l  
P L P F l O  
:PILOT ,7 
XPILOT,7 
T E M P 1  
p1pf9 
I P I L O T , I  
I P I L O T , 7  
T E H P l  
p1pf3 
I P I L O T , 7  
I P I L O T , 7  
T E M P 1  
p1pf7 
I P I L O T , 7  
I P I L O 1 , l  
T E M P l  
PLPFb 
I P  I L O T  r 7  
P A G E  0 0 1 5  
0 7 9 5  O l e 4  4 f 6 9  
0 7 9 6  01E8 6C74 1 0 7 9 7  O l E C  8 0 3 6  
1 0 7 9 a  O ~ E O  4 7 6 8  
0 7 9 9  O l E E  4 F 6 6  
08G0 OlEF 6 f 7 4  , 0 8 0 1  OlFO 8 0 1 1  ’ 0802 o i ~ i  m a  
0 8 0 3  0 1 ~ 2  4 ~ 6 a  
1 o a o s  O ~ F C  9 ~ ~ 6  
0 8 0 6  0 1 ~ 5  4 n i a  
l o a o s  o i f e  w e 6  
0610 0 1 ~ 9  4 7 6 8  
I 
0 8 0 4  O l e 3  6C74 
, 0 8 0 7  0 1 f 6  4 f 6 d  
0 8 0 8  O l F 7  6 C 7 C  
O B 1 1  01FA 4 F 6 8  
0 8 1 4  OlFC 7F8F 
0 6 1 0  
0 8 1 8  
0 8 1 9  O l f F  7 F 8 9  
0 8 2 0  0 2 0 0  6A6a 
1 Oa15 O l f E  5 9 6 d  
0 a i 7  
I 0 8 2 1  0 2 0 1  9 f 3 *  
1 0 3 2 2  0 2 0 2  4 7 7 4  
I 0 8 2 3  0 2 0 3  4 F 6 3  
0824 0204 6C74 
0 8 2 5  0 2 0 5  9 f E 6  
0 8 2 5  0 2 0 6  4 7 6 5  
0 8 2 7  0 2 0 7  4 F 7 4  ’ 0 8 2 8  0 2 0 8  6C613 
0 8 2 9  0 2 0 9  9 f F 6  
0830 O Z O A  4 7 7 -  
0 8 3 1  0 2 0 8  4 F 6 0  
Ob32 020C 6C74 
1 0 8 3 4  O Z O E  4 7 6 8  
~ 0 8 3 5  020F 4FT4 
0836 0 2 1 0  6C6a 
0 6 3 7  0 2 1 1  8 0 3 6  
10833 0200  8 0 1 1  
0 8 4 0  0 2 1 4  6C74 
o a c i  0215 8 0 6 0  
l o a 4 2  0216  4 7 6 9  
l o a 4 3  0 2 1 7  4 ~ 7 4  
~ 0 8 4 5  0 2 1 9  8 0 8 8  
0845 02lA 4 7 7 4  
o w a  a t i c  6 c 7 4  
0 8 4 9  0 2 1 0  B O B O  
0 8 5 1  0 2 1 ~  4 ~ 7 4 .  
0 6 4 4  0 2 1 8  6C68 
0 8 4 7  0 2 1 6  4 F 6 3  
0 8 5 0  OZlE 4 7 6 3  
OUT 
L T A  
HPYK 
I N  
ou T 
L T A  
HPYK 
I N  




O U T  
LTA 
H P Y K  




A P A C  
S A C h  
$ 
I P I L J T , T  
T E M P 1  
PLPFS 
I P I L O 1 , 7  
I P I L O T , 7  
TEMP1 
P L P F i  
I P I L O T , 7  
IPILOT,7 
T E M P 1  
p1pf3 
I P I L O T I ~  
I P I L O T , 7  
T E M P 1  
PLPFZ 
I P I L O T , 7  
I P I L O T , 7  
T E M P 1  
P L P F l  
I P I L O T . l  
* c P i l c t  LPF Code * 
Z A C  
L T  
HPYK 




I N  
ou T 
LT A 
H P Y U  
I N  
3U T 
L T A  
HPYK 
I N  
OUT 
LT A 
M P Y K  
I N  
OUT 
LT A 
M P Y K  
I N  
OUT 
LTA 
M P Y K  
Iti 
O U T  
LTA 
HPYK 
I N  
OUT 
OPILOT 
PL PF 1 
TEMPl,7 
CPXLOT,7 
T E n P i  
PLPFZ 




T E n P l r l  
QP ILJT 7 
T E M P 1  
PLPFC 
CPXLGT.7 
T E n P f s 7  
CPILOT 
PLPFS 
T E M P 1 , l  
GPILOT. 7 
T E H F l  
P L P f  5 




T E H P 1 , l  
C P S L O T I ~  
T E M P 1  
PLPFS 
GP i L O T  s 7 
TE H P l  7 
- 
PAGE 0016 
0352 0220 6 c 6 8  
0853 0 2 2 1  80C8 
O a S S  0 2 2 3  4 F 6 3  
' 0656 0224 6C74 
0858 0226 4 7 6 0  
0 8 6 0  0 2 2 8  6C63 
0 8 6 1  0 2 2 5  8 0 6 4  
0 8 6 2  022A 4 7 7 4  
0 8 6 3  0 2 2 8  C f 6 3  
0 8 6 4  022C 6C74 
0865 02213 6 0 8 1  
0 8 6 6  O22E 4 7 6 a  
0 8 6 8  0 2 3 0  6C63 
~ 0 8 5 4  0222  4 7 7 *  
~ 0 8 5 7  022s a o c a  
o a s 9  0227  4 ~ 7 4  
0 8 6 7  0 2 2 ~  4 ~ 7 4  
0 8 6 9  0 2 3 1  8 0 3 1  
0 3 7 0  0 2 3 2  4 7 7 4  
0 8 7 1  5233  4 F 6 3  
0 6 7 2  023c 6C74 
0 8 7 3  0 2 3 5  SFC7 
0 3 7 6  0236 4 7 6 3  
0 8 7 5  0 2 3 7  4 F 7 4  
01376 0 2 3 8  6C68 
0 8 7 7  0 2 3 9  9F43 
0 8 7 8  0 2 3 ~  4 7 7 4  
0 8 7 9  0238 4 F 6 3  
o a e o  023c 6C74 
0 8 8 1  023C 9ECD 
0 8 8 2  0 2 3 ~  4 7 6 a  
0 8 8 3  023F s F 7 4  
Oa84 0 2 4 0  6C6a 
0 8 8 5  O i 4 1  9ES7 
0 8 8 6  0 2 6 2  4 7 7 4  
0 8 8 7  0 2 4 3  4F6B 
0 8 8 8  0244 6C74 
0 8 9 0  0246  4 7 6 8  
0 8 9 1  0247 4 f 7 4  
0 8 9 2  0 2 4 8  6C63 
0 8 9 3  0 2 4 9  9 O C A  
0 8 5 4  O24A 4 7 ? 4  
0 8 9 6  024C 6C74 
0 8 9 d  024f 4 7 6 8  
0893 024F CF74 
0 9 0 0  O L S O  6C6a 
0 9 0 1  0 2 5 1  9E27 
0 9 0 2  0 2 5 2  4 7 7 4  
0 9 0 3  0253 4Fb6 
0 9 0 4  0254 6C70 
0905  0255 9 E C A  
C306 0256 4 7 6 3  
0 9 0 7  0 2 5 1  4 F 7 4  
0 9 0 8  Oi58 6Cba 
o a 8 9  024s S O F A  
0 8 9 5  02ca 4F6B 
0 8 9 7  O t C C  9 D D 6  
LTA 
HPYK 
I N  
OUT 
LTA 
M P Y K  




I h  
O U T  
LTA 
M P Y K  
I N  
O U T  
LTA 
HPYK 




I h  
OUT 
L T A  
M P Y K  
I N  
O U T  
LTA 
M P Y K  
I N  
OUT 
LTA 
M P Y K  
I N  
OUT 
L T A  
M P Y K  
I N  
OUT 
MPY K 
I N  
OUT 
LTA 
H P Y K  
I N  
O U T  
LTA 
M P Y K  




I N  
OUT 
L T A  
LTA 




T E M P 1  
PLPFlO 
CPILOT 9 7 
T E M P 1 9 7  
OPILOT 
P L P F l l  
TEMP197 
C P f L 0 7 9 7  
T E M P l  
P L P F l 2  




T E M P 1 9 7  
CPILDT,? 
T E M P l  
PLPF14 
C P I L 3 T 9 7  
TEMPlp7 
QPILOT 
P L P F l 5  
TEMP197 
CPILST.7 
T E Y P l  
P L P F l 6  
Q P I L D T r 7  
TEMP197 




T E w i  
P L P F l 8  
QPXLOT97 
T E M P 1 9 7  




T E M P 1  
PLPFZO 
a P I L O T 9 7  
T E M P 1 9 7  
QPILOT 
P L P F 2 l  
T E H P l r 7  
CPILOT, 7 
T E M P l  
PLPF22 
ap ILJT, 7 
T E H P l g 7  
CPILOT 
I _  . 1 ,  
P A C E  0 0 1 7  
0 3 2 6  0 2 6 4  4 7 7 4  
0 3 2 7  0 2 6 0  4 F 6 8  
0928  O26C 6C74 
0 3 2 9  0260 87E5 
MPYU 
I N  
O l J  T 
L T A  
MPYK 
I N  
OUT 
L T A  
HPYK 












I N  
OUT 




L T A  
MPYK 
I N  
ou T 
L T A  
HPYK 
I h  
OUT 
L T  A 
MPYK 
I N  
ou T 
L T  A 
MPYK 












I N  
OUT 























CPILOT r 7  
TEHP1,’I 
C P I L 3 T  
’PLPF23 
T E M P l p 7  
CPILOT,7 
T E M P 1  
PLPF30 
QPXLOTr7 
T E H P l r 7  
QP I L O T  
PLPF31  
TEMP197 
QPILI)T r 7  
T E M P 1  
PLPF32 











P L P F 3 1  
TEMP 1 r 7 
CPfLOT r 7  
TEMP1 





P A G E  0 0 1 8  
0 9 6 6  0 2 3 2  4 7 7 4  
0 9 6 7  0 2 3 3  4 f 6 a  
0 9 6 8  0 2 9 4  6C7.i 
0 9 6 9  3 2 3 5  87E5 
I 0 9 7 0  0 2 3 k  4 7 6 6  
0 9 7 1  0 2 9 7  4F74 
0 9 7 2  0298 6C68 
0 3 7 3  0299 8 6 1 7  
0 9 7 s  029A 4 7 7 4  
0 9 7 5  0299 4F66 
0 9 7 6  Oi9C 6C74 
0 9 7 7  0 2 9 0  8 4 1 6  
0 9 7 d  029E 476 f i  
0 9 7 9  029F 4F74 
0 9 8 0  O Z A O  aC63 
0 9 8 1  O Z A ~  828; 
0 9 8 2  O2A2 4 7 7 4  
0983 o i ~ 3  4 ~ 6 a  
0 5 8 4  OZA4 6C74 
0985  O2AS 8 1 0 6  
0 9 8 6  O2A6 4 7 6 3  
0 9 8 7  O2A7 4 F 7 4  
0 9 8 3  O Z A B  6C63 
0 9 8 9  O2A9 9FC1 
0 5 9 0  02AA 4774 
0 9 9 1  32Ae 4 F 6 a  
0 9 9 2  O Z A C  6C7C 
0 9 5 3  O Z A C  E E C A  
0 9 9 4  Q Z A E  4 7 6 0  
0 9 9 5  O2Af 4 f 7 C  
0 3 9 6  0230 6C68 
0397 o t a i  9 ~ 2 7  
o w a  0 2 a 2  4 1 7 4  
0 9 9 9  o z a 3  4 ~ 6 a  
1 0 0 0  o z a i  a t 4  
1002 0 2 8 6  c 7 6 a  
i o 0 3  0287 4 ~ 7 4  
I 0 0 1  0 2 3 5  9 0 0 4  
1 0 0 4  0238 6C68 
1 0 0 5  0289 9DCA 
1 0 0 6  02aA 477i 
i o 0 7  02aa 4 ~ 6 3  
i o o a  0 2 0 c  6 c 7 4  
i o 0 9  o z a c  9 0 ~ 3  
i~ii 0 2 a ~  4 ~ 7 4  
1 0 1 0  OZaE C 7 6 B  
1 0 1 2  OLCO 6C6a 
1 0 1 3  02C1 9E57 
1 0 1 4  02CZ *77C 
1 0 1 5  02C3 4 f 6 5  
1 0 1 6  0 2 C I  6 c 7 4  
1 0 1 7  O Z C S  S E C D  
l o l a  0 x 6  4763 
LO19 02C7 4 F 7 C  
Lo20 02C8 6Cbd 
LO21 02C9 9 F 4 0  
LO22 02CA 4774 
I N  
OUT 
LT A 
M P Y K  
I N  
O U T  
LTA 
M P Y K  
:hi 
CUT 
L T A  
M P Y K  
I N  
OUT 
L T A  
M P Y K  
IN 
OUT 
L T A  
HPVK 




I N  
OUT 
L T A  
M P Y K  
I N  
OUT 
L T A  
M P Y K  
IN 
OUT 
L T A  
HPYK 
I N  
OUT 
L T A  
HPYK 
X N  
CUT 
LTA 




M P Y K  
IN 
OUT 
L T  A 
WPYK 
I N  
OUT 
L T A  
HPYK 
I N  
TEHP1,7 
OPZLOTm7 
T E M P 1  
PLPF28 
C P I L J T ,  7 





















T E M P 1  
PLPF22 
TEMP197 
C P I L O T  
P L P F L l  
TEMP197 
2 P I L O T 9 7  
QPILOTJ 







~ P ~ L O T  ( 7  
T E M P 1  
P L P F l 8  
QPXLOT97 
TEMP197 
4 P I L J T  
P L P F l 7  
T E M P 1 9 7  
QPSL3T97 
T E H P l  
PLPF16 
a P  I L O T .  7 
TEMP1,7 
QPILOT 
P L P F l S  
TEMPl.7 
~~ 
P A G E  0019 
1 0 2 3  02C8 4 F 6 a  
1 0 2 4  O Z C C  6C74 
1 0 2 5  O Z C C  9FC7 
I 1 0 2 7  OZCF 4 F 7 4  
1028 0 2 0 0  6C6a 
1029 O Z D l  8 0 3 1  
1026 O Z C E  4 7 6 8  
1 0 3 0  0232 4774 
i ~ 3 i  0in3 4 ~ 6 3  
1 0 3 2  O2D4 6C74 
1 0 3 3  0205 8 0 6 1  
1 0 3 4  O2D6 6 7 6 6  
1335 0 2 0 7  4 F 7 4  
1G36 0 2 0 8  6C63 
1037 0209 a 0 8 6  
I 1038 O2DA 4 7 6 8  
1 0 4 0  023C 6C74 
1 0 4 1  0 2 0 0  8 0 C 9  
, 1 0 4 3  OZOF 4 f 6 a  
1 0 4 4  02EO 6C74 
1 0 4 5  O 2 t l  80C8 
1 0 4 6  OZE2 4 7 6 8  
11047 O Z E 3  CF68 
11048 02E4 6C74 
1 0 4 9  0 2 E S  8080  
11050 02E6 4 7 6 8  
' 1 0 5 1  OZE7 r F 6 8  
1 0 5 2  OZE0 6C7* 
1 0 5 3  OZE9 8 0 8 0  
11054 OZEA 4 7 6 8  
1 0 5 5  0 i E B  4 F 6 8  
1 0 5 6  O2EC OC74 
1 0 5 7  OZEC 6 3 6 0  
1053 02EE 4 7 6 8  
1 0 6 0  02FO 6C74 
1 0 6 1  0 2 F l  8 0 3 6  
1 0 6 3  02k3 4 F 6 8  
1 0 6 4  0 2 F 4  6C74 
' 1065  OZFS 8 0 1 1  
1 0 6 6  0 2 ~ 6  4 x 3  
i o 6 7  0 2 ~ 7  4 ~ 6 a  
0 6 3  O Z F ~  6 c 7 4  
0 6 9  O Z F 9  9 F F 6  
070 02FA 4 7 6 3  i 0 7 1  0 2 F B  4 F 6 8  
1072 02FC 6C74 
LO73 S2FO 9fE6 
1076 O i F E  4 7 6 8  
LO75 0 2 F f  4 F 6 8  
LO76 0 3 0 0  6C74 
LO77 0 3 0 1  9 F 3 4  
LO79 0 3 0 3  5 9 6 d  
1039 O Z D B  c ~ 6 a  
1012 3 2 0 ~  4 7 6 8  
11059 0 2 ~ ~  4 ~ 6 a  
' i o 6 2  3 2 ~ 2  4 7 6 a  









L T A  
HPYK 
I N  
OUT 
L T A  
MPYK 
I N  
OUT 
LTA 




M P Y K  
IN 
OUT 




L T A  
HPYK 
I N  
OUT 
LTA 
M P Y K  
Ifu 
o u t  
L T A  
M P Y K  
I N  
L T A  
M P Y K  
X N  
OUT 
LT A 
M P Y K  
I N  
OUT 
L T A  
H P Y K  
I N  
OUT 
LT A 
H P Y K  
A P A C  
S A C H  
w ra  
nul 
Q P I L O T r 7  
T E M P 1  






Q P Z L O T  9 7  
T E M P 1  




P L P F l l  
IP:LOT.7 
I P I L O T  9 7  
T E M P 1  
PLPFlO 
I P I L O T n 7  
I P I L O T . 7  
T E n P l  
p1pf9 
IPXLJT.7  
I P I L 0 7 . 7  
T E M P 1  
PLPFB 
IPXLOT.7 
I P I L O T . ?  
T E n P i  
p1pf7 
I P I L O T . 7  
X P I L O 1 , l  
T E M P 1  
PLPFO 
I P I L S 7 . 7  
I P I L 0 1 , 7  
TEMPl 
p1pf5 
I P  I L O T  9 7 
fP ILOT,7  
T E M P l  
PLPFC 
I P l L O T . 7  
IPXLOT.7 
T E M P l  
p1pf3 
I P I L O T . 7  
I P I L J T  e7 
T E M P l  
PLPFZ 
IPXLOT ,7 
I P I L O T . 7  
T E M P 1  
P L P F l  
C P I L O 1 , l  
1 0 6 0  
1 0 8 1  
1 0 8 3  
~ 1 0 8 5  
1 0 8 6  
1 0 6 7  
1 0 8 8  
1 0 9 0  
1 0 9 1  
lOS2 0304 6 5 6 5  
1 0 3 3  0305 5 8 7 C  
1 0 9 5  0307 5 8 7 4  
1 0 9 6  0308 6 5 6 8  
1 0 8 2  
i o a c  
i 0 8 4  
1094 0306 7 ~ a a  
i o 9 7  0 3 0 9  s a 7 6  
i o s a  O ~ O A  7 ~ i ~  
i o 9 0  0303 s a 7 5  
1 1 0 0  030C 6 2 7 4  
1 1 0 1  030C FA00 
O 3 O E  0 3 4 2  
1 1 0 2  
1 1 0 3  0 3 3 f  6 5 7 4  
1 1 0 4  0310 F E O O  
0 3 1 1  0 3 1 9  
1 1 0 5  0312 7 F 8 9  
1 1 0 6  0313 5061 
1 1 0 7  0314 7EOl 
1 1 0 8  0315 OO7A 
1 1 0 9  0 3 1 6  6 7 S E  
1 1 1 0  0317 F 9 0 0  
1111 





1117 0319 6 4 7 5  
i l i a  0314 7 ~ 8 3  
1 1 1 9  0318 6 4 7 5  
1 1 2 0  031C 7 F 8 0  
1 1 2 1  031G 6 4 7 5  
1 1 2 2  031E 7Fd0 
1 1 2 3  331F 6 4 7 5  
1 1 2 s  0 3 2 1  6475 
1 1 2 6  0322  7 f 6 0  
1127 0 3 2 3  6 4 7 5  
1 1 2 6  G324 7 f 6 0  
1123 0325 6 4 7 5  
1130 0326 t F 8 0  
,131 0327 SO75 
,133 0329 O O l A  
0313 O X F  
1 1 2 r  3320  7 F 8 0  
, 1 3 2  0 3 2 8  2 1 7 5  
1) * 
10 * * * * 
* 
8 * 
S i n e  r n d  C o s i n e  C a l c u l a t i o n  
OmGTNAC PAGE IS 
T h e  v c l u e s  f o r  s i n  & c o s  a r e  W R  QUALITY 
s t o r e l  f o r  t h e  r e g i o n  3 - p i 1 4  
i n  1 2 8  l o c a t i o n s  e a c h ;  t h e  p i l o t  
s a m p l e r  a r e  f i r s t  s t r i p p e d  f o r  
s i s n  End t h e n  c o m F o r e d  t o  d e t e r m i n e  
t h e  o c t a n t  b e f o r e  t a b l e  l o o k u p ;  
t h e  s i g n  is t h e n  r e - a p p e n d e d  a f t e r  
t h e  v s l u e s  h a v e  b e e n  detorninrd; 
ZALh 
SACH 










I P I L O T  
I S I G N  
TEMP2 
T E U P l  
I O V E R C  
3 
3 S t r i p  Q p i l o t  s i g n ,  
1 
1 
3 S t r i p  I p i l o t  s i g n .  
1 
3 Compare magnitudes t o  
1 d e t e r m i n e  o c t a n t .  
* 
C O V E f i I  ZALH T E n P l  3 Check i f  d e n o n i n r t o r  
B N Z  D I V C O X  1 o p u a l s  zero- 
Z A C  
SACL c o s  
L A C K  >l  
A G O  ShOFST 
T a u  S I N  
E FIXSGH 
1) 
N.9. * * * 
4 
O I V 7 C f  su3c 
N O P  
SUBC 
N O  P 
S C S C  
NC P 




N O  P 
su3c 
NO P 




: NCP’s a r e  i n s e r t e d  a f t e r  o a c h  SUBC 
i n s t r u c t i o n  b e c a u s e  t h o  i n s t r u c t i o n  
f o l l o w i n g  a S U B C  n a y  n o t  u s e  t h e  
a c c u m u l a t o r .  
T E M P 2  3 7 B i t  F r a c t l o n a l  
TEnPz 3 D i v i d e  
TEMP2 1 . 
TEMP2 1 0 
T E M P 2  1 . 
TEMP2 1 . 
TEMP2 1 End o f  D i v i d e  
113* 3321 675E 
1 1 3 5  0 3 2 8  5 0 7 5  
1 1 3 6  032C ?E01  
1 1 3 7  032C 0 0 7 5  
1 1 3 8  032E 6 7 6 1  
1 1 3 9  032F 6 5 7 8  
1 1 4 0  0330  F A 0 0  
0 3 3 1  0 3 3 7  
1 1 4 1  0332  657C 
1 1 4 2  0 3 3 3  FA00 
0 3 3 4  033E 
1 1 4 3  0335  F300 
0336  0 3 7 3  
1 1 4 6  0337  1 0 6 1  
1 1 4 6  0 3 3 9  657C 
1 1 4 7  033A FA00 
033E 033E 
033C 0 3 7 3  
1 1 4 3  033E l Q 5 E  
1 1 5 0  033F 505E 
1151  0340  F 9 0 0  
0 3 4 1  0 3 7 3  
1 1 5 2  
1154 0 3 4 3  FEOO 
0344  0 3 i C  
1156 0346  5 0 5 E  
1 1 5 7  0347 7E01  
1 1 5 3  0 3 4 5  6 7 6 1  
1 1 6 0  034A F300 
1161 
1 1 6 2  
1 1 6 3  
1164 
1 1 6 5  
1 1 6 6  
1 1 6 7  034C 6 4 7 4  
1 1 6 8  03CC 7F80  
1 1 6 9  O 3 4 E  t 4 7 u  
1 1 7 1  0350 6 4 7 4  
1 1 7 2  0 3 5 1  7F80  
1 1 7 3  0 3 5 2  6 4 7 0  
1 1 7 4  0 3 5 3  7FEO 
1 1 7 6  0 3 5 5  7 f 8 0  
1 1 7 7  0 3 5 6  6 6 1 4  
1 1 7 8  0 3 5 7  7 F 8 0  
1 1 8 0  0 3 5 5  ' I F 8 0  
1181 035A 5074  
1 1 8 2  0 3 5 8  2 1 7 4  
1 1 4 s  0 3 3 8  5 0 6 1  
i i c a  033c F ~ O O  
1 1 5 3  3342  6 5 7 5  
1155 0 3 4 5  7 ~ a 3  
1 1 5 8  0 3 4 8  O O ~ A  
0 3 4 a  0 3 6 2  
1170 0 3 4 ~  7 ~ a o  
1 1 7 5  0 3 5 4  6 4 7 6  
1179 0 3 5 8  6 4 7 4  
TeLR 
S A C L  
LACK 
A C 3  
TBLR 





s u e n  S U B  
S A C 1  
ZALH 
B L i  
E 








L A C K  
A G O  
T8LR 
6 
10 * * * 
* rJoa, 
o x v r c a  SUBC 
N O P  
suric 
N O P  
N C P  
SUJC 
h o p  
susc 
N O P  
S U B C  
N C P  




s u a c  
SIH 
T E M P 2  
1 
T E M P 2  
C G S  
I S I G N  
S U 3 I l  




c o s  
Q S I G N  
S U B 9 1  
STEPS 
S I N  
S I N  
STEPS 
T E M P 2  
D X V I O C  
S I N  
>1 
S N O F S T  
c c s  
S C N F I X  
~ 
PAGE 0 0 2 1  
1 Road s i n e  v . 1 ~ 0 .  
> I n c r o m o n t  l o o k u p  address ,  
1 Read c o s i n e  valuo. 
1 
1 Re-append S i g n ,  
1 
1 Chock i f  d e n o m i n a t o r  
1 oqualr z e r o ,  
: h0P ' s  a r e  i n s e r t e d  a f t o r  each SUBC 
i n s t r u c t i o n  b e c a u s e  t h o  i n s t r u c t i o n  
f o l l o i u i n g  a SUBC n a y  n o t  use t h e  
eccumul a t  or , 
T E n P i  1 7 6 i t  F r a c t i o n a l  
T E M P l  1 O i v i d e  
T E M P 1  1 
T E M P 1  1 0 
T E M P 1  1 
T E M P 1  1 End o f  C i v i d e  
T E M P l  
T E M P 1 9 1  
u c nr rr J L Y  
, 1 1 8 3  035C OO7A 
1 1 8 4  03SC 6 7 6 1  
1 1 8 5  035E 5 0 7 5  ' 1 1 8 6  03SF 7 E O l  
1 1 1 8 7  3360  0 0 7 5  
1 1 8 8  0 3 6 1  6 7 5 ~  
1189 0 3 6 2  6 3 7 3  
1 1 9 0  0 3 6 3  FA00 
0 3 6 1  036A 
1 1 9 1  0 3 6 5  657C 
1 1 9 2  0 3 6 6  FA00 
0 3 6 7  0 3 7 1  
1 1 9 3  
119; 
1 1 5 5  
1 1 9 6  
1 1 9 7  
1 1 9 8  
1 1 9 9  
1 2 0 0  
1 2 0 1  
1 2 0 2  
1 2 0 3  
0 3 6 8  
0369  
036A 
0 3 6 0  
036C 
0 3 6 5  
036E 
036F  
0 3 7 0  
0 3 7 1  
0 3 7 2  
F 3 0 0  
0 3 7 3  
1 0 6 1  
5 0 6 1  
6 f 7 C  
F A 0 0  
0 3 7 1  
F300 
0 3 7 3  
l O 5 E  
505E 
A C D  
TELR 
S A C L  
LACK 
A D D  
TBLR 
S G N F I X  LALH 
6 L Z  
ZALH 
BLZ 




S I N  
I S I G N  
s u 9 1 2  
4 S I G N  
S U B C Z  
T E w z  
0 S T E P S  
 SUE^ sua  c o s  
S A C 1  c a s  
ZALH CS I G N  
a L z  SUBQ2 
B S T E P S  
m a i  sua S I N  
SACL S I N  * 
r) C a l c u l a t e  P i l o t ,  C o s i n e  * and S i n e  S t e p  S i z e s .  
1 2 0 4  * 
1 2 0 5  0 3 7 3  6 5 6 2  S T E P S  ZALH 
1 2 0 7  0 3 7 5  5 8 7 3  SACH 
1 2 0 a  0 3 7 6  7 ~ 8 8  A B S  
1 2 0 9  0 3 7 7  5874  SACH 
1 2 1 0  0 3 7 8  6 ~ 7 4  11 
1 2 1 1  * 
1 2 1 2  0 3 7 9  8 3 3 3  M P Y K  
1 2 0 6  0 3 7 4  6 2 6 1  s u a H  
1 1 2 1 3  037A 7F8E 
1 2 1 1  0 3 7 0  OB72 ' 1 2 1 5  
1 2 1 0  037C 5 0 6 6  
1 1 2 1 7  0 3 7 0  6 5 l d  
' 1 2 1 8  037E F O O O  
037F  0 3 8 2  
1 2 1 9  0 3 8 0  1 0 6 6  
1 2 2 0  0 3 8 1  5 0 6 6  
1 2 2 2  0 3 8 2  6 5 5 F  
1 2 2 3  0 3 8 3  625E 
' 1 2 2 4  0334  587C 
I 1 2 2 1  
' 1 2 2 s  038s 7 ~ 8 8  
11226  0386  5 8 7 4  
1 2 2 7  0 3 8 7  6A7C 
1 2 2 8  
'1230 0 3 8 9  7 F a i  
1 2 3 1  038A OB72 
1 2 3 2  
1 2 2 9  0383 8 3 3 3  
1 2 3 3  3 3 8 6  5 0 6 4  
P A C  
A D  0 
S A C L  
ZALH 
B G E Z  
* 
SUB 
S A C L  * 
hEXT1 Z A L H  
SUBH 
SA C H  
A B S  
SACH 
LT 
M P Y K  
P A C  
A D D  
SACL 
* 
P R E C O S  
c o s  
I S I G N g O  
T E M P 1 , O  
TEMP1 
> 2 3 3  
O N E , l l  
C C S S T P  
ISIGN 
hEXT1 
C O S S T P  
C C S S T P  
P R E S I N  
S I N  
QSIGNvO 
T E M P 1 , O  
T E M P 1  
> 3 3 3  
O k E , I l  
S I N S T P  
1 R e m  c o r l n o  v r l u o .  
1 I n c r o a o n t  l o o k u p  r d d r o t r .  
1 Read s i n e  v r l u o .  
> 
1 Re-rppond S i g n .  
1 
PlUGINAG PAGE IS 
QX E W R  QUALITY 
1 Multiply b y  1 1 5 -  
1 Round o f t  r e s u l t .  
1 C o r r e c t  t o r  n o g a t l v e  
1 r o r u l t .  
1 M u l t i p l y  b y  1 / 5 -  
1 Round o f f  r o s u l t .  
~~ 
P A G E  0023 
1 x 4  03ac 6 5 7 c  
1 2 3 5  o 3 a o  m o o  
038E 0 3 9 1  
1 2 3 0  038F 1 0 6 4  
1 2 3 7  0 3 3 0  5 0 6 4  
1238  
1 2 3 3  0 3 9 1  6 5 6 9  
1 2 4 1  0 3 9 3  5 8 7 0  
1 2 4 0  0392  6 2 6 8  
1 2 4 2  0 3 9 4  7 ~ a a  
1243 0395  s a 7 4  
1 2 4 4  0396 6A74 
1 2 4 5  
1 2 4 6  0397  8 3 3 3  
1 2 4 7  0 3 9 8  7F8E 
1 2 4 9  
1 2 5 0  0 3 9 1  506E 
1 2 5 2  039C FDOO 
0330  03AO 
1 2 5 3  039E 106E 
1 2 5 4  033F 5 0 6 2  
1 2 5 5  
1 2 5 6  03A0 6 5 6 C  
1 2 5 7  0 3 A l  6268  
1 2 5 8  O 3 A Z  5 8 7 6  
1 2 5 9  O3A3 7F8d 
1 2 6 0  03A4 5874  
1 2 6 2  
1 2 6 3  03A6 8 3 3 3  
1 2 6 4  03A7 7F8E 
1 2 6 6  
1 2 6 7  03A9 5 0 7 0  
1 2 6 8  03AA 657C 
1 2 6 9  
1 2 7 1  . 
1 2 7 2  03AC FDOO 
0 3 A C  OOF7 
1 2 7 3  03AE 1 0 7 0  
1 2 7 4  O3AF 5 0 7 0  
1 2 7 5  
1 2 7 6  0380  F 3 0 0  
1 2 7 7  
1 2 7 d  
1 2 7 5  
1 2 8 0  0 3 8 2  b E 0 3  
1 2 8 1  0383  7F88 
1 2 8 2  
1 2 8 3  0 3 0 4  4 0 0 0  
1 2 8 4  0385 4000  
1 2 8 5  
1 2 6 6  0 3 8 6  7E01  
1 2 4 s  3 3 9 9  0 a 7 2  
1 2 5 1  0 3 3 6  6 5 t a  
1 2 6 1  03A5 6A7* 
1 2 6 5  0 3 ~ 8  0 3 7 2  
1270 O ~ A B  ~ ~ 7 2  
0 3 3 1  O O F ~  
* 
N E X T i  
ZALH 
B C E L  
su 9 
S A C 1  
ZALH 
SUaH 
S A C h  
A B S  
S A C H  
L f  * 
M P Y K  
PAC 
A D D  
SACL 
ZALH 




N E X T 1  ZALH 
SUBH 
S A C H  
A B S  
SACH 
LT * 
n p r u  
PPC 
A C D  
SACL 
ZALH * 
* O U T  




* * * 
R E S E T  
R e s e t  
LOPK 





3 C o r r o c t  t o r  n o g a t i v o  
3 r o s u 1 t e  
ORIGINAL PAGE IS 
aE W R  QUALITY 
CSICN 
NEXT2 
S I N S T P  
S I N S T P  
O L D I P  
I P I L O T  
I S I G N , O  
T E M P 1 , O  
T E M P 1  
> 3 3 3  
O N E . 1 1  
I P S T P  
I S I C N  
NEXT3 
I P S T P  
I P S T P  
o L o a P  
a p I L o i  
OSIGN,O 
T E M P 1  
T E M P 1  
> 3 3 3  
ONE,ll 
Q P S T P  
Q S I C N  
O N E . 5  
8 K C R N D  
a P n P  
QPSTP 
B K G R N D  
I n  i t  i a l i z a  t i  on R o u t i n e  
0 3 P o i n t  t o  d a t a  p a g e  0. 
1 S o t  o v o r f l o r  modo. 
, 
>o,o 3 C l e a r  i n t o r r u p t  p i n .  
> 0 , 5  3 R o r e t  r a m  ~ ~ ~ n t e r s .  
1 
3 C o r r e c t  f o r  n e g a t i v e  
1 r o r u l t .  
3 M u l t i p l y  by  1 1 5 .  
1 Round o f f  r e s u l t .  
1 R o r e t  r a a  counters. 
3 C o r r e c  t t o r  n o g a t 2 v o  
3 result, 
1 2 8 7  03a7 5 0 0 0  
1 2 8 a  0388 ~ A O O  
1 2 9 0  0 3 3 9  6 8 8 0  
I 1 2 9 1  0 3 a ~  7 0 7 ~  
~ 1292 3 3 a a  7 f 8 9  
1 2 9 3  03ec 5 0 8 a  
1 2 8 9  
1 2 9 4  0380  F 4 0 0  
O3aE 03BC 
1 2 9 5  
1 2 9 7  03CO 7 1 5 9  
1 2 9 8  
1 2 9 9  03C1  7 E 0 1  
1 3 0 0  03C2 5 0 7 2  
1 3 0 1  03C3 6 5 0 0  
1 3 0 2  0 3 C 4  7F8E 
1 3 0 3  03CS 507A 
1 3 0 6  
1 3 0 5  03CO F900 
03C7 OOf7 
1 3 0 6  
1 3 0 7  
1 3 0 5  
1 3 1 0  
1311 0 5 0 0  
1 3 1 2  
1 3 1 3  0 5 0 0  0 0 0 0  
0 5 0 1  7FFF 
0532  0 1 0 2  
0 5 0 3  7fFF 
0 5 0 4  0204  
0 5 0 5  7FFC 
1 3 1 4  0 5 0 6  0 3 0 6  
O S 0 7  7 f F 7  
0508  0 4 0 8  
0 5 0 9  7FFO 
040A 0 5 0 3  
0508  7FE7 
i315 o s o c  060A 
0500  7F08 
O S Q E  0 7 0 3  
OSOF 7FCf  
OS10 080C 
0 5 1 1  7F8F 
1 3 1 6  0512  090C 
3513  7FAE 
0 5 1 4  O A O C  
0515  7F9a 
0 5 1 6  O a O C  
0 5 1 7  7 F 8 6  
1 3 1 7  OS18 O C O A  
0 5 1 9  7 f 6 F  
051A 0 0 0 9  
O S 1 0  7F56  
OSlC OEO6 
1 2 9 6  0 3 a ~  7 0 5 4  
1 3 0 3  
SACL >O 
L f  > O  
LARP 0 
* ORIGINAL PAGE IS 043 EOOR QUALITY 
LARK 0 , > 7 f  
LAC 1 
aANL CLRRAH 1 
C L R R I H  SACL * 1 C l e a r  i n t e r n a l  ram. 
* 
LARK 
L A R K  
LACK 
SACL 
H P Y K  





0 , I B U F F  




c s w s i  
BKCRNC 
1 I n i t i a l i z o  a u x i l i a r y  
1 r e g i s t e r  p o i n t e r s .  
1 
3 
1 S t o r e  c o n s t a n t s  i n  raa .  
1 
1 
1 Branch  t o  r a i t i n g  s t a t e .  
* * * S i n e  r n d  C o s i n e  T a b l e  Lookup V a l u e r  * * 
* A G R G  > s o 0  
D A T A  0 , 3 2 7 6 7 , 2 5 8 ~ 3 2 7 6 7 ~ 5 1 6 ~ 3 2 7 6 4  
GATA 7 7 6 , 3 2 7 5 9 r 1 0 3 2 , 3 2 7 5 2 p 1 2 8 9 r 3 2 7 4 3  I 
D A T A  1 5 4 6 ~ 3 2 7 3 1 ~ 1 8 0 3 ~ 3 2 7 1 8 ~ 2 0 6 0 ~ 3 2 7 0 3  
DATA 2316r3268612572,32667,2828,32646 
DATA 3 0 8 2 ~ 3 2 6 2 3 , 3 3 3 7 , 3 2 5 9 8 r 3 5 9 0 , 3 t 5 7 1  
P A G E  0025 
051c 7f3a 
1310 051E O F 0 4  
05lF 7Flf 
0520 1000 
0521 7E F F  
0522 1OF3 
OS23 7EDE 






1320 O52A 14E2 
OS20 7E49 
052C 1503 
0520 7 E l f  
O S 2 E  16CF 
052F 7DF4 






1322 0536 l A 9 E  




1323 OS3C lD6D 
0530 7C92 
053E lE 5 A  
053F 7C59 
0 5 4 0  1F46 
0541 7C1F 
1326 OS42 2031 
O S 4 3  7aE3 
0544 ZllA 
0 5 4 s  7BAS 
OS46 2202 
0 5 4 7  7866 
1325 0 5 4 8  22E8 
0 5 4 9  7826 
0548 7 A E G  
054C 2401 
054C 7AAl 
1326 O S G E  2593 
OSCF 7A5C 




1327 0554 2831 
0 5 5 5  7987 
0 5 3 8  ~ B B F  
, ‘;*?.* . 
.‘-I. OSCA 23CE 
ORIGINAL PAGE IS 
OR POOR QUALITY 
DATA 5 3 4 6 , 3 2 3 2 9 , 5 5 9 3 r 3 2 2 8 7 , 5 8 3 9 , 3 2 2 4 4  
D A T A  6 8 1 4 ~ 3 2 0 5 2 ~ 7 0 5 5 ~ 3 2 0 0 0 ~ 7 2 9 5 ~ 3 1 9 4 6  
DA 1A 8 2 C 1 ~ 3 1 7 1 5 ~ 8 4 1 4 , 3 1 6 5 3 ~ 6 1 0 6 , 3 L 5 9 0  
D A T A  8 9 3 6 ~ 3 1 S 2 6 ~ 9 1 6 6 ~ 3 1 4 6 0 ~ 9 3 9 3 ~ ~ 1 ~ 9 3  
DATA 9619~31324~984C~31tSC,1006t131183 
D A T A  1 0 2 8 9 , 3 1 1 1  1 1 0  509.31 037910727930962 
0556  2 9 0 0  
0557  7 9 3 0  
O S 5 8  29E7 
0559 7 3 F 2  
1 3 2 i  O S S A  2ACO 
055C 2 8 9 7  
0 5 5 0  7 8 5 3  
O S S E  t C 6 0  
1 3 2 5  0560 2 0 4 1  
0 5 6 1  772.C 
0562  2E13 
0564 Z E E 4  
0565 771A 
1 3 3 0  0566 2 F € 3  
0 5 5 6  7 a ~ 6  
0 5 s ~  78oa  
0563  7 7 6 3  
0567  7 6 c a  
0 5 5 8  3 0 8 0  
0563 7 6 2 0  
o s 6 0  7 5 c a  
056s  7 6 7 5  
OS6A 314C 
1 3 3 1  056C 3 2 1 6  
O56E 320E 
056F 7 5 7 5  
0570  33AS 
0 5 7 1  7 5 1 F  
1 3 3 2  0572  3 4 6 9  
0573  7 4 c 7  
OS74 3 5 2 3  
0575 7 4 6 F  
0576 3 5 E E  
0577  7 6 1 6  
0579 73BC 
0 5 7 1  3 7 6 8  
057C 3 8 2 7  
0570  7 3 0 6  
1 3 3 4  O S ? €  38E2 
057F 7 i A a  
0 5 8 0  399A 
1 3 3 3  057a 3 6 ~ 0  
0578 7 3 6 1  
osai 7 2 4 ~  
0532  3 ~ 5 1  
1 3 3 s  0 5 8 4  3 a o b  
o s a s  7 1 9 4  
o m  3 c 6 a  
0589  700a 
0583  7 l F l  
. 0 5 8 6  3B8A 
0587  7 1 3 6  
1 3 3 6  05dA 3 D l o  
0 5 3 6  7 0 7 9  
058C 3 D C A  
0 5 8 0  701A 
058E 3E76 
D A T A  
DATA 
D A T A  
DATA 
D A T A  
D A T A  
D A T A  
D A T A  
ORIGINAL' PAGE 18 
@ m R  QUALITY 
1 0  344 930 8 8  6 9 11 1 5  9 ~ 3 0  8  9 ,113739  3 0 7 3 1  
1 3 9 9 7 , 2 9 6 2 8 9  1 4 1 8 7 , 2 9 5 3 7 , 1 4 3 7 5 , 2 9 4 4 6  
1 6 5 6 2 g 2 9 3 5 5 , 1 4 7 4 6 ~ 2 9 2 6 2 ~ 1 4 9 2 9 ~ 2 9 1 6 9  
1 5  11 0 92 907 6 9 1.5 290 9 2 8  98 2 ,15467920  88 8 
D A T A  1 5 6 ~ 3 , 2 8 7 F 3 ~ 1 5 8 1 8 ~ 2 8 6 9 8 ~ 1 5 9 9 0 ~ 2 8 6 0 2  
058F 6FBA 
0 5 3 1  6FSA 
1 3 3 7  0590  3 F 2 l  DATA 1 ~ 1 6 1 r 2 8 5 0 6 ~ 1 6 3 3 0 ~ 2 8 4 O 9 ~ 1 6 ~ 9 7 , 2 8 3 1 2  
0592  3FCA 
I 0533 6EF3 
0594 4 0 7 1  
OS95 6E93 
0597  6E37 
0 5 9 8  4 1 8 4  
O S 9 3  6 0 0 6  
OS9A 4250  
0 5 3 6  6 0 7 4  
1 3 3 9  059C 42FD 
0 5 9 0  6 0 1 2  
053E 439C 
0 5 3 F  6CBO 
O 5 A O  4 4 3 3  
O S A 1  6C4E 
1 3 4 0  OSAZ 4 4 0 4  
05A3 68Ea 
05AS 6 8 8 8  
OSA6 4 6 0 6  
05A7 6 8 2 6  
1 3 4 1  O S A 8  * 6 9 3  
OSA9 6AC3 
35AA 4 7 3 2  
0 5 A B  6A63 
O S A C  47C5 
0 5 A C  69FC 
1 3 4 2  O S A E  4 0 5 7  
05AF 6 9 9 5  
0580  48E7  
O S 0 1  6 9 3 6  
1 3 3 8  OS96 4 1 1 7  DATA 1 6 6 6 3 ~ 2 8 2 1 5 ~ 1 6 0 2 6 ~ 2 8 1 1 ~ ~ 1 6 9 8 9 ~ 2 8 O 2 O  
05A4 s 5 6 E  
o s a z  4 9 7 5  
0533  6 8 c 3  
1 3 6 3  O S 8 4  4AO2 
0 5 0 5  6a6F 
0 5 3 6  4A8E 
0507  6aoc  
o s a a  4 6 1 7  
o s 3 9  6 7 ~ 3  
O S ~ B  6716  
o s a c  4 c 2 6  
1 3 4 4  05aA 4aAO 
0580 66E2 
OSEE 4CAC 
0 5 8 F  6 6 7 F  
1 3 4 5  O S C O  402F  
0 5 C l  661C 
05C2 4 0 6 2  
05C3 6 5 8 3  
O S C I  4 E 3 i  
05C5 6 5 5 6  
05C7 64F4  
1 3 4 6  osc6 G E ~ Z  
O A T A  17lC9~27922~17308~27BZi~l7465e27726 
D A T A  1 7 6 2 0  m 2762  79 1 7 ~ 7 4 9 2 7 5 2 8 e  1 7 9 2 6 9 2 7 4 3 0  
D A T A  1 8 0 7 7 ~ 2 7 3 3 1 ~ 1 8 2 2 6 ~ 2 7 2 3 2 ~ 1 8 3 7 3 ~ 2 7 1 3 ~  
DATA 18  5 1  9 9 2 7 0 3  39 1 8 6 6 3  9 2693Ce18 90 S e 2 6 8 3 S  
O A T A  1 9 3 6 0 , 2 6 6 3 8 ~ 1 9 C 9 4 ~ 2 6 3 3 8 ~ 1 9 6 2 8 e 2 6 2 3 9  
O A T A  1 9 7 5 9 m 2 6 1 4 0 ~ 1 9 8 9 0 ~ 2 6 0 4 1 ~ 2 0 O 1 8 e ~ S ~ ~ 2  
DATA 2 0 1 4 6 ~ 2 5 8 4 4 ~ 2 0 2 7 2 ~ 2 5 7 4 S ~ 2 0 3 9 6 ~ 2 5 6 4 7  
05C8 4F30  
O S C 9  6 4 9 1  OUGmAL PAGE 13 
O S C B  6CZF 
O S C O  63CC 
~ O S C E  S O A l  
~ OSCF 636A 
0530 5113 
I 05Dl 6 3 0 8  
1 3 4 0  0502 5 1 9 0  
0 5 0 3  62A6 
O S D C  5205  
0505 6 2 4 5  
0506 5 2 7 5  
OS07 61E3 
0 5 0 5  6 1 8 2  
05DA 5 3 5 0  
O S 0 8  6 1 2 1  
O S D C  53CD 
OS00 6 0 C l  
1 3 5 0  O S O E  S 4 3 C  
05DF 6 0 6 0  
O S E O  54AA 
O S E l  6 0 0 0  
O S E 2  5 5 1 6  
05E3 SFAO 
1 3 5 1  O S E 4  5 5 8 1  
0 5 E 5  S F 4 l  
OSt6 5 5 E 8  
O S E 7  SEE2 
05E9 SE63 
1 3 5 2  O S E A  560A 
O S E B  5E24 
05EC 5720  
O S E O  S D C S  
O S E E  5 7 8 5  
OSEF 5 0 6 1  
1353 OSFO 5 7 E 9  
O S f l  5OOA 
OSF2 5 8 4 8  
OSF3 S C A C  
OSFI 58AD 
OSFS 5CbF 
1354  OSF6 5900 




1 3 5 5  OSFC SA27 
O S F G  5 A O E  
OSFE 5A02 
O S f F  SA82 
O S C A  CFAC @ R 0 o R  QUALITY 
1 3 4 7  OSCC 5 0 2 7  O A T A  2 0 5 1 9 ~ 2 S 5 i B ~ 2 0 6 4 1 ~ 2 5 ~ S O ~ ~ O 7 6 1 ~ 2 S ~ S ~  
I 
I 
1 3 4 9  o s o a  S Z E C  
osEa 5 6 5 3  
o m  5 8 9 6  
1 3 5 6  * 
DATA 2 0 ~ ~ 3 # 2 5 2 S ~ , 2 0 9 9 ? . 2 s 1 s 7 v 2 1 1 1 3 v 2 5 0 ~ 9  
D A T A  2 1 2 2 9 ~ 2 4 9 6 ~ ~ 2 1 3 C l ~ 2 4 8 6 S ~ 2 1 4 5 3 ~ 2 4 7 6 9  
DATA 2 1 5 6 4 v 2 4 6 7 2 v 2 1 6 7 4 ~ 2 4 5 7 6 ~ 2 1 7 8 2 ~ 2 4 4 ~ 0  
DATA 2 1 8 8 9 * 2 4 3 a 5 , 2 1 9 9 5 , 2 1 2 9 0 . 2 2 0 9 9 # 2 4 1 9 5  
DATA 2 2 2 O 2 ~ 2 4 1 0 0 ~ 2 2 3 0 4 ~ 2 4 0 Q S ~ 2 2 4 0 5 ~ 2 3 9 1 1  
OATA 22 5 0 5  92381  89 2 2 6 0 3 ~ 2 3 7 2 C v 2 2 7 0 1 ~ 2 3 6 3 1  
D A T A  2 2 7 9 7 ~ 2 3 5 3 8 ~ 2 2 8 9 2 ~ 2 3 4 4 6 ~ 2 2 9 8 6 ~ 2 3 3 S 4  
DATA 2 3 0 7 9 * 2 3 2 C 2 * 2 3 1 7 0 * 2 3 1 7 0  
1 3 5 7  * B o o t s t r a p p i n g  R o u t i n e  for  
1 3 5 8  L o a d i n g  Program Cod. f r o m  
1360  * 
1 3 6 1  0700 A O R G  > 7 0 0  
1 3 6 3  0700 7EOl 6 0 0 1  LACK >l 
1364  0701  5000 SACL > O  
1365  0702 6A00 LT > O  
1 3 6 6  0703 8 7 f F  HPYK >'IFF 
1367  0704 7F8E P A C  
1368  0705 670A NOTDLN 16CR > A  
1 3 6 9  0706  7DOA T B L Y  > A  
1 3 7 0  0707 1 0 0 0  sue > O  
1 3 7 1  0708 F O O O  B C E Z  NOTOUN 
1 3 1 2  070A 8382 HPYK R E S E T  
1 3 7 3  0700 7F8E P A C  
1 3 7 4  070C S O O A  SACL > A  
1375  0700 7EOl LACK >l 
1 3 7 6  O7OE 70OA TBLY > A  
1 3 7 7  070F F900 B R E S E T  
1 3 7 8  * 
1 3 7 9  END 
1 A359 E P R O H ' S  t o  RAP. 
~ 1362  * 
0709 0705  
0710 0382 
NO E R R O R S ,  NO UARNXNGS 
